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covered in this monograph to illustrate the invalid basis for the suspicion that 
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smokers and nonsmokers suffer from the carbon monoxide contained in cigarette smoke 
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Summary Statement (a): A small and variable amount of carbon monoxide in 

.. — - . . ' ----- - ' 

cigarette smoke is absorbed by the smoker and even considerably less by the 
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^USS::' The total amount of carbon monoxide released from a burning cigarette varies 
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,from 5 to 80 ml, and the concentration in the cigarette smoke ranges from 0. 5 to f£. ! 
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8%. The 16-fold range in values is determined by the type of tobacco, speed of ' 


burning the cigarette and the amount of air diluting the smoke (see page 31). Of 
• the amount of carbon monoxide inhaled with the cigarette smoke, about 54 to . ' 

87% is absorbed by the blood (see page 33). 7; 77v'~*'/ \ [f- : ■.ir77'7; 1 
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estimate the amount of carbon monoxide that is inspired //yaht&Z.. 

.. _ _ _ _ :. ■ .. 

(mainstream smoke) separately from the amount that is not inhaled by the smoker 

y^l^l^jsidestream smoke). The quantity will depend on the amount and depth of • 
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• inhalation and the frequency that the smoker inhales the mainstream smoke from' 


It is difficult to estimate 
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the cigarette. Smokers vary in their smoking behavior, and an individual 
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smoker has no set pattern of consuming cigarettes from hour to hour or from 






day to day. It is, therefore, misleading to attempt to quantitate the total amount ' 
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of carbon monoxide that a smoker absorbs from cigarette smoke. The amount of 
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carbon monoxide from cigarette smoke that is in the ambient air that a nonsmoker 
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•is likely to inhale is even more variable because of the prevailing movement of 
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Summary Statement (b): Almost all the reported health effects of low levels of 
carbon monoxide were determined by continuous administration of a fixed concen- 
".'rlf-fey- tration of carbon monoxide which is not applicable to the smoking situation, chara - 
I;:?£> cterized by intermittent exposure to carbon monoxide. . • / 
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‘$||p#i£SpK-The available information on the effects of low levels of carbon monoxide .>wv.. 





interruption daily for several weeks. These experiments were designed to deter- ' 
^^^mine occupational standard • indoors (see page 155) and air quality standard for v ; i^I;V; 
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'outdoors (see page 195). 
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on the cardiovascular system (see page 73) and the central nervous system (see 
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page 104) do not necessarily apply to the intermittent exposure to carbon mono- • 
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•2P^;|Vsituation postulating a gradual accumulation of carbon monoxide in the body in < ^j|j§ 
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*i5isfew£the course of smoking several cigarettes in a day 1 is not supported by three 



. v ,^„ , . ., . - « —- of the gas is not only 

determined by the i nhaled concentration but by a comp lex_£roup^of factors that 
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cannot be predicted by theoretical equations. Third ; In animal experiments, 
the ef fects on the blood are m ore severe with continuous fixed concentrations of 
exposur e tha n with intermittent exposure even though the carboxyhemoglobin 


: level at the end is the same.. 
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monoxide in air mixture. There is evidence that the smoker consumes cigarettes 
in a self-regulatory manner, to keep nicotine and carboxyhemoglobin levels 
in the blood constant. It appears that the smoker controls the amount of smoke 
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inhaled, subconsciously to derive a level of carboxyhemoglobin that is optimal ^ 
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for the individual. This aspect of self-regulation of carbon monoxide as well 
as the adaptation to it needs further investigation. VVVVY^&V 
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■■&£&$}- Summary Statement (c) : Because of the presence in cigarette smoke of nirnfrtr.^ , 
: MfMr.-. which has pharmacologic actions opposite to those of carbon monoxide, the . vt- •-> 

£W£M:&**** ~ C 1___nrtjj" IT _ T~\ -: T~7~ -;-*— -r-r 2 - 


* V '- ^Vi r ^ l I'V-T V v ’-' "• • j ■ ; -v:'- • .‘j-'V;-V,’* * ./ ■-■• -• I- . • T •'v ./'v 

is taken for granted by some reviewers that the inhalation of low levels 
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v^gof carbon monoxide elicits the same effects as cigarette smoking. * The fallacy 

fcJkj&r/V .*’ * J -~ ^ » v T >; •i • ••; .‘ - ■ ;.7 v;,. /... * -. • 

f l§gj;.in this belief is that cigarette smoke contains nicotine, which can antagonize the 
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^:-C;r effects of carbon monoxide on the heart (see page 68) and the central nervous 
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ITT system (see page 110). One form of interaction has been excluded, i. e. the 






potential of carbon monoxide to depress drug-metabolizing enzymes in the liver 
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'■^|*^;in general, and, in particular, the metabolizing enzymes for nicotine. There 
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experiments which show that low levels of carbon monoxide do-not dep 
•^^fmetabolizing enzymes. 5 * 6 The other constituents of cigarette smoke are not 
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|f£t|Bovered in this review because there is no information on their interaction with 
.carbon monoxide. The possibility of interaction exists until appropriate experi- 
■£0f.:[\ 'ments for exclusion are completed. 
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a high level of endogenous formation of carbon monoxide and nonsmokers 
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level of endogenous formation. Different exogenous exposures of ' ^$$pfp 

■ ^t.,.*/.smokers and nonsmokers can further complicate the deriving of any conclu- 
: ?SSiifi® 1011 with respect to the effect of smoking alone. " - ” " ; 'V • :-.-V; : / 




*&&&& «N •' .•’.' ■' ; •■• . ; .•,•'* •■:; ••**'«• * ? J ..** .'** «£ W •;.<,. T? .rAJ ; . - 

•••,-• *■*. :- 

q&qriV’-v 'r;-\^ /'*■ 

: Sulci,*'■' i .- ; "* ±.‘S .-.• •.*.'• j V a 't'>'V* ■** v'- • •:' . - r i, 

/ - *• - •-•• •• . ■;-; - /• 

"^ : V ; v; ;V‘ ; q • ^ •...',-^:. 1 .-,.,,••' v ; :; r'' v• I-H >; < : '^*• 





/ . ■ ■'s..'j!J'4»r«vlL"W ^ Ji-T. 

. • •. ' \x. ' 

rMss-gSli®^ 

r • .::. '" •- :'i >, jt'jUsK - • 

• ; .- -.; ;...- ;.*;i-» «*•;** > pfr‘*riK ; - 





Source: https://www.industrydocuments.ucsf.edu/docs/fmmxOOOO 





'■ v^‘-.'^/) • T *i . 

Vi’ySi " v *\»V* Tps*■■}". -. > ./’ .: 


*.. r& :i' 


• n ft? ^ ;:.;• > 

^•DIFFERENCES: 

NICOTINE INTERACTION 





. 3ig$£ ; M k -: ■.•■'■"•.• V • rJ -''£z ^ ■. -,■•' 

• Summary Statement (e): The difference in carboxyl 

;Irr-• smokers and nonsmokers is accompanied by differences not only in cigarette use • 
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Summary Statement (e): The difference in carboxyhemoglobin levels between 






hut also in occupational exposure and genetic susceptibility to disease. 
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Although the mean values for carboxyhemoglobin levels in the blood of smokers 
are higher than those for nonsmokers, there is a considerable overlapping in ■iS*-/'' 
individual values. The standard deviation for the mean of smokers is consider¬ 
ably wider than that of nonsmokers in comparisons of blood donors (see page 25), ' 

anginal patients (seepage 51), pregnant women (seepage 128), welders (seepage / 
'150), motor vehicle drivers (see page 169) and pedestrians (see page 193). The '' ';'P?V 
practice of characterizing smokers by a single mean value has led to consider- • 
able confusion because of the variability in exposure to sources of carbon mono¬ 
xide of smokers. 1005105251 

■v '*i': \'Z<: 

• The differences in the health of smokers and nonsmokers is explained usually ' • 
by the smoking habit together with the difference in mean carboxyhemoglobin level. 
There are other factors that are difficult to exclude in accepting a causal rela- • 
tionship between smoking and elevated carboxyhemoglobin levels. Firstr Smokers 
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':&*$£&^adjust their consumption of cigarettes to maintain a constant level of nicotine, ^ -%M$€ 
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^^fe|as well as a constant level of carboxyhemoglobin; any effects of carbon mono- v! l|i|^fc 
xide are antagonized by nicotine because of their opposite actions on the heart 
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||S£C and centra! nervous system (see Summary Statement c). Second: Smokers are 
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'i^PPr#^ aaSe there is a .higher incidence of smokers employed in those hazardousjobs 
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in other groups. The higher incidence of diseases among smokers may 


a reflection of the higher incidence in exposure* Third: The metabolism of i-5 
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lpSK Carbon monoxide and associated environmental pollutants is influenced by' r ; 

S : .hereditary and constitutional factors, 12 ‘ 13 which may be different between ' 
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smokers and nonsmokers. This possibility is difficult to prove or disprove 
but it has to be considered as a likely explanation for the difference in health 


. characteristics between smokers and nonsmokers. 
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Adaptation or acclimatization to low concentration of carbon monoxide is a 
phenomenon that has been ignored in the consideration of the health effects of 


v v carbon monoxide in cigarette smoke. That continuous exposure to carbon mono- 
wil1 lead t0 increase ^ tolerance in man and animals has been explained by 
. er ythrocytes, bone marrow, liver, heart and central nervous 
system. - 7 Investigations planned in the future should be designed to deter- 
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the degree of adaptation, not only to carbon monoxide but also to nicotine 
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contained in cigarette smoke. 
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'’?£&£" Summary Statement fe): The carboxyhemo^lobin levels of cigarette smokers are 
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•.' : i^y.7-/. not high enough to cause coronary heart disease. - ^ 

.' ; 5v".y ■ The observations in patients with heart disease and in animals do not support 
• ' the hypothesis that carboxyhemoglobin levels in cigarette smoke are high enough 
^.'7 to provoke angina pectoris or cause myocardial infarction. The major short- -. . t .- '' 
;;,7':; : " coming of the hypothesis is that the experimental procedure involves inhalation of 
yyyy carbon monoxide without nicotine. The nicotine in cigarette .'smoke produces cardiac 

opposite-to those of carbon.monoxide (see Chapter 3 beginning on page 46). 
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One topic not covered in Chapter 3 is the influence of carbon monoxide on 
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the hemoglobin oxygen dissociation curve. The shift to the left with an elevation of 
,.y^7y,.:: carboxyhemoglobin means a decrease in oxygen release from the blood in the 


heart and tissues. It is important to point out that patients who develop heart 
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disease have either a shift to the left or to the right and an abnormal hemoglobin 
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7^77:.; is seen in patients with heart disease who are nonsmokers. 2X)—24 appearance 

7> '7 of an abnormal oxygen dissociation curve in smokers with heart disease cannot be 


C 


caused by smoking alone since the same phenomenon is seen in patients who are 


non smokers. 
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. Summary Statement (M: It is unlikely that the carboxyhemoglobin levels 
* r -'s- cigarette smo kers are high enough to d epress the central nervous system. 
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review of the literature reveals that depression of the central nervous^HSlS^ 
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^•::-C 8jrStem by carbon monoxide is seen only when carboxyhemoglobin levels are ' ;" e ?^ : ’ 

above 207c saturation. The reports claiming a depression at levels below 207s 
;.f are questionable and have not been confirmed. Since cigarette smokers rarely 
have a carboxyhemoglobin level reaching 20% saturation, a possible depressant 
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y : .. i n il uence °i carbon monoxide on cerebral function can be excluded. Further- 


^lK rnore V nicotine absorbed by the smoker stimulates the central nervous system 
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%o®' and can antagonize any depressant action of carbon monoxide (see Chanter 4 
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^rp^S-beginning on page lOi). 
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Summary Statementji} : The contention that smoking during pregnancy causes an ' 

. elevation in carboxyhemoglobin level high enough to reduce birth weight of the 
lilfl newborn is not supported by experimental and epidemiologic data. • .;■. 
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■0-^ r - In the interpretation of epidemiologic data relating to smoking in pregnancy, 
v1-v;.- : the following factors contribute to the low birth weight of infants of smoking 

..1; ' mothers: nutrition, socioeconomic factors and inherited genetic characteristics 
ff of the mother. The strength of these factors in influencing the birth weight of the 


newborn are discussed in detail in this monograph (see Chapter 5 beginning on 

... ..■ . ... .... .... ,, -. . ., 
--r-v*:■■;■ ••.. ; " . 

.•^^0.page 126). The contention that carboxyhemoglobin levels of smoking mothers 




a cause of low birth weight is discredited by the results of epidemiologic 
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••^jp^^t-studies and experiments in animals exposed to cigarette smoke. Such experi- 




.vt*P% ■ ments do not duplicate the results of exposure of pregnant animals to carbon 
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Actual measurements of carbon monoxide and nicotine levels indoors do not SS’ 
V% ; . show concentrations approaching occupational exposure standards. Nonsmokers T " 
v : exposed in chambers or nonventilated rooms filled with cigarette smoke do not 
■:■?;■■; develop cardiovascular reaction or respiratory symptoms. . Subjective 
v.j :' . complaints of nonsmokers are a psychosocial reaction to the irritation of the 

mUC0Sa by chemical components of cigarette smoke other than carbon monoxide ’ / 
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-wW^-hemoglQbin in the blood of smokers. Measurements show a striking variability 
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depending on the following: (a) the nature of the ci 

■^ 5 lr8SLis'*i^ __*i.. -1 j.i. _ 11'J*' ‘'•'■'V «"* .-.■■•■>...• •»•*•«• - *• % u \ * 


m t - > ' 

cigarette (presence of filter, 

••..*. .". .'• .,• . .. ... ... '♦.•’■■ li-'i-rpi-’V- 'rw.f '. 

^ _■ ^ ... . . ■■■•»-*•■-»• ^ ^ ^ f .. . . " ••'■'■ ’ '•• " . ■“ ,• . ' / i' •'■• '.'.' ' '■•'U ,jt : ‘ 

^m^-porosity of the paper and type of tobacco); (b) frequency and depth of inhalation 

. i\?£ ^ \ • ^pv~ * * 1# ** • .•**’ *'. '* 1 ' "•’•*' '• ‘ ,4 47, *‘;*|V ^.T** r ’V’* : * ; # * •■ - ■ % .* ‘ *• 4 ; '• •V ^ ^ | •'? ^': 

the smoker; and (c) the carbon monoxide level in the immediate environment 
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^J^^ carbon monoxide in the ambient air that all persons are exposed to, smokers and 
.flA.Xv!;• ©therwise. The overall exposure to occupational, residential and vehicular " 

; sources of carbon monoxide varies geographically, / 






It is possible to measure the amount of carbon monoxide in the ambient air 
and calculate the time-weighted levels of exposure in the course of a day. 
However, the quantitative expression of carboxyhemoglobin level in the blood 
is usually based on the analysis of a single sample. The carboxyhemoglobin 
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The socioeconomic status of donors is different from those who do not engage ' ! ? 


1» ^National Survey Conducted by Stewart et al 
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Tvt— e groups of smokers from Milwaukee do not show 
L^°. se r- e ?P? nse ,-? urve; *be mean carboxyhemoglobin saturation for smokers" - 





per day was higher than those consuming 2 packs per day\ "The :*|g| 
pg2-pack smokers from New Hampshire and Vermont have lower mean saturation '* -iiS» 
jgpthan the 1-1/2 pack smokers. Smokers in urban areas such as New York City and 

Washington have mean saturation levels about the same as smokers in rural states C ; ( v 

^|p(New Hampshire and Vermont). These values conflict with what has been reported 

• .■ ■ ; 

pfby other investigators. The conclusions of this study apply only to the selected 

• '**?*&'&*• V -'' ■ 'T*vv- 

v^Mvgroup of blood donors and not to the general population of smokers and nonsmokers. 

, >,*’? y >y ^ * - • "£:’A*st*'\ •-' 14-* i s ' -'* ' 4 y -“^'. ' \ -r'-* ’.'•• •■;.% ■• _ • Vj' 

* r! V . , .4.*&'- ;- '**.••'•.•'• •->*;,•.. •« / - - • *'■ •• • ’ _ 

Significance of difference between smokers and non smokers. Stewart 
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Source: https://www.industrydocuments.ucsf.edu/docs/fmmxOOOO 
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■•^7%*:" -• Chapter 2 Page 7 ^S--;:•■ -v. ^.r^t^jssz:* wJ&c^Safe&jfc»9 Q -r 

r • • ^; ~ - a - . recognized that carboxyhemogloMn saturation can be influenced not^rdy^yplte 




I-JX^W.£U •-. 



^y\. Cach ™ trcpol g5 ”f» s0 15:21 Ih^iffcronce in blood levels cannot be ascribed 
•M$§&*VivtO smoking alone. The contributions of vehicular traffic an^ Arr*!ir\f i ^vi ^ 1 «. ... ~ _ _ J ’ y. ? 'i , jY» a 


smoking, alone. - The contributions of vehicular traffic and occupational source* 

^5^Y o£ carbon monoxide to blood carboxyhemoglobin levels are discussed elsewhere 

.... ,;, , 

/(Chapters 6 and 1 7), : •.\ ; •;/“*••. ; ..v.v* '*i~£Z% : * • .' * , : . ; /-': v V-y/ *. •/ ...•-;..r;•:*• 

' - : 


Metropolitan St. Louis Survey by Kahn, Wallace and Collaborators*." r vS^I 


|$||§X?- B ? oad sam P les £rom blood donors in the St. Louis area were collected : 


• ''6 Vj£ ‘ 


gg ; for a 12-month period .in 1971 and 1972. Kahn, Wallace and their collaborator! 


re P orte<1 u» »e«n carboxyhemoglobin saturation for 16,649 donors. The 


Hn^^.- mean and standard errors were as follows: 




; * ’v . r Vt >• • . 


COHb % Saturation 


• U Total sample (16, 649) 

Nonsmokers (10, 157) 

* V: i : : VVi -V^.V • •. • •■•-!• ;: 


2. 30 ± 0. 02 


‘ (6,492) 


0.85 ± 0.01 


4. 58 ± 0. 03 


.© :•' 

©. 

ma- 

pi 


i *}?.' rr ' % • ":V- •■ i-y :' : 

£eve ^ s reported above are different from those observed by Stewart et al. £ ^ A * 


■t**®:?* 


?:^rz ~/.- 

: <Z±!..'rK**te-y + 


|g|g. for 500 blood donors from St, Louis (see above). The median values were 1.4 


gjgg, for nonsmokers, and 5.1 for smokers. It is on this basis that Kahn et al. 4 








f^U-i-questioned the accuracy of the technique used by Stewart etaL b who overestimated ^ 


the carboxyhemoglobin levels in the blood samples. 




vid‘*v',. l '* 711 ' - .•• “ x m i. 

Vi-iii Kahn et al. " have identified several factors that correlated with the 

C carboxyhemoglobin levels. They are as follows: occupational exposure, 3'p-® 


:iv; € ; socioeconomic data, travel time or distance, racial difference and ambient 

... v . .y^iM**'***-* 


carbon monoxide levels. 
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Source: https://www.industrydocuments.ucsf.edu/docs/fmmx0000 








pleating. that industrial occupation and the type of tobacco ' 

'^SMv• smc>ked . in ^^ence the'carboxyhemoglobin levels. There are also differences ^’Slps^ 
■>^@^v etween -. ^ en and women smoke at the same rate and reach the 
|P||p : ; same equilibrium level of carboxyhemoglobin, women achieve lower levels"' 

after ceasing smoking for the day. Physiological differences such as blood 

• -./■ ,• , .... ,;v,y v ,.y-,~.. ...,; ... - V.. iv '«.^g^ : ;- 

VOlume ’ hem °g lobin » pulmonary vital capacity and carboxyhemoglobin excre- 
• - tion > in addition . t0 varying ambient exposures associated with travel and ' ' v ^C^®V 

:^VC..7 ••• ••>.•. • • '■■;'••• •• . *-• ' ' ' - ,. .;•••■.. :V ■ . 'V; r;-:,^r; 

employment were suggested as explanations for Hip rfifforon^c ;« ~-.i- j ' 7; ; 377 


#Sc!7' employment were suggested as explanations for the differences in male and 
: female post-smoking carboxyhemoglobin values. 


r;\*£ ^ ^ . 

• 3. Survey in Israel by Torbati et al. 

" , '.'.‘'•S’.'*.',. 


.r-u'-'/r \ )i'v, v .*.0^;:*• 

• r-• .-* -j < r-sf 4 :t-r 3 ;.v, •:. 


^*^'1 . 

I »„ . . *tp\ *. 


. * 'j-. ' 

% . •:*••'■ 
•• ;i• y * *VVi< r 



•..’ nonsmokers (231 subiects) 

*..y..- -.VV“ V .: ; / 

smokers (269 subjects) 

k k~h 

. **V. 'll, , .*• ' -9 * . . •■ • _ 


: 0.70 ±0.71 

‘. j- ;' - . . 

3.43 ± 1,69 
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' ' '' N ' ' ,* r'^'Vv/n, . 


^ a Edition to the above results, there was also a correlation noted between 

3@S-S; ::; ' V;v: ::; ■-v.. o 

Siife,; bl00d levels and occupational exposure to carbon monoxide for both smokers § 
Wkikk and nonsmokers. These conclusions are essentially similar to those based on O 

-ky-: '■ H-: v , ■••■■,;■.■ . , ' , .CA 

'yftvii-' American donors (see above). . - fw 
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4. Interpretation of Carboxyhemoglobin Levels of Blood Donors. 

The results of the surveys indicate that carboxyhemoglobin levels of -' 7 . 
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i^J?S*f$°“.°?<S® ^ egre ® . o£ exposure to carbon monoxide in the ambient'^ff 

CitUs V ' A si "8 le bl °° d “•!»«'• does not reflect ftMl 
^Si^lSSv^ S L dunng a ?4-hour period. The technique used by one group of inve s ti? ~®@ 
^gggetors has been criticized by Radford etal. 5 and by Cole 13 as being capable ol'Wii 

"-■■■■ '■■ *'." • • 1 ... .. -iVW^frVi^-O 

‘ ’ ’. , ‘ V w . ■ " ’i&fr&iv*! * p 


*. . .. 4 O **"* *x-YVAO Wi © A HU JS>t5 X 5 * _ •’ W.V* qJ fJ/sjATtf 

WS^ Jm nt t° POint °“ ftat tl,C elevati0n ° f carboxyhemoglobin levels ll§ 
; gpf;; s in smokers has led to the suggestion that they should not be used to donate 

the hand ' “ iS rec °8 nized that the amount of carboxyhemo- 'Blffe' 

®!S n ^; m : U and : iS dilUted by the bl °° d VOlume of recipient and that^f^^l' 
n ’ 0n0Xide !S ^tely eliminated from the recipient. 13 . U Even 

^|;more importantly, there isno agreement on the consequence of low levels of S||ff 

■^Ucarboxyhemoglobin that would be expected from the recipient. There is no evi-^i: 

jl^SEi'dence that the elevation of carboxyhemoglobin saturation in the donors blood is ' 


hazard to the recipient. 
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are likel 7 to absorb carbon monoxide in the course of inhaling cit 

IflllillSPiip^ ’ - - 

■■^0^^^ocioke. .From ^he historical standpoint, it should be recalled that Wahl,^ 
'Si&^fefin 1899. was the first to demonstrate the uresence 6f carbon monoxide in '’ 


r^vstf^'-v. fcigai®t lc aixiui\c diiu uidi neiftriuge, 
/ -*■ .;• ■- ■■ :. 
identify carboxyhemoerlobin in the b 


carboxyhemoglobin in the blood of smokers. The subsequent develop - 
5 ments in this area of investigation are reviewed in this section. 

. • ' 

,; r 

- ’ - v- A* .■<•••■; , . 

s /•. y^rJernty: 


. ... ° .... 

A •• • . >XV:'’', * '■ Vy •’ 

; :^vV.^ : - l. Carbon Monoxide Content of Cigarette Smoke . 

^ the initial investigation by Wahl, ^ the presence of carbon monoxide 
tobacco smoke was demonstrated by exposing a few drops of blood to 2 or 


•<*.• KtfP 
• .-V. 

... . v*.:lVvl?:V # f-v, 

' v'V ; • ■-:-^1 >’ >.. r 

• : vt‘ ; ' ■“^W! 

ji-.v’, >;V; -Vv',.; 


3 mouthfuls of tobacco smoke, and detecting carboxyhemoglobin by spectroscopy. 
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Investigators (year) 
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t ■J."' w t», - k ». •-, , . * 
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. Marcelet (19-07)39 .. ; 

Lee (1908) 20 v ; 3;^ 
Lehmann (1909)^ 

Baumberger (1923) 22 
Ehrismann and Abel (1934) 2 ^ 
Saruta (19 37 
Kohn-Abrest (1949)^ 


; ml carbon monoxide/g tobacco 


20-80 






4.1 



15-23.5 

■ ■:•>• 

- ’ 
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' V V.^v;^ e .total amount of carbon monoxide ranged from 4 to 80 ml per g of tobacco ••‘I 

v - 3^-^-C-/y:'‘"^vf!''j^’V.-*/-I - i#;:*-■'% v - s ; -'-'‘’•'■'V*:'.- : ^:-••">• -0 ' .-- - 

^jSubsequent analysis for carbon monoxide has been ex-nresaerl ac 



Jarrell and Burde (1965) 
'•p^i^^KP'v^Harke and Drews (1968 

I : * ■ ■• •■■•;■ ■■. ■■: .•■••:.. ; 

• ^ ■ Kruszynski and Henriksen (1969)33 




\ 1 ' Otsuka et al. (1970)^ 4 .' *•■ • 

' Morie (1973) 3 5 ;i- : 
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•:^*^g.The above results show a wide range of values among various investigators, 


•vl' KC-*K' «* >>. •»% :*k.V‘ 
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.. ■••-■'»■ •■■■■■• ... ... 

^^concentration of carbon monoxide depending on the type of tobacco, speed of 

burning the cigarette, and the amount of air diluting the smoke. Even for the 

" v •'• • " 
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cigarette burns closer to the butt or filter tip. J o-40 

\ ’ •;'•■• •••■■■ . .. . ....... , ...... 




8ame . cigarette, there is an increase of carbon monoxide concentration as the 

. - The porosity of the cigarette paper can also influence the concentration © 


carbon monoxide in the cigarette smoke. ^“^3 -phe na ture of the filter 
also alters the amount of carbon monoxide, generated. 44-46 These figures, 
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'M&l' form > is immediately mixed by the air in the lungs of the smoker. The first : 
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.estimation of the amount of carbon monoxide absorbed by cigarette smokers 

•ISPv:. was made by Baumberger in 1923 by comparing the concentration of inhaled ■ iiS* 

,r : ■ • ./• ■ • r ■;•" %.■••>• .■ • • '• .. 

smoke and the expired air. In a group of six subjects, about 61% of the carbon 
. monoxide was absorbed. Bokhoven and Niessen reported absorption of 82 to 

Vf J Q ' 1 *• • "• • V”’ • 'V 1 -• • “ t * ( V. * ' 

■:? ^7% k* three subjects, whereas, Dalhamn et al . reported a carbon monoxide : ^ 
retention of 54 ± 12. 7% in five subjects. ^9 These results refer to the amount *./V 


'' t- .< i « 


of carbon monoxide of the smoke that has been diluted by the alveolar air. . ,”~v. 'H r 

J ;~.V : • - ".>V.-'-v. 

•:.r.-'r. '• vv.' -r. / 

The above results are not surprising because carbon monoxide diffuses 

»\*••• .V .-‘V, ' -v.'.-:' 

tf ^ /'.fte O 4*Vl £> «1<pa a! n W ma«vpl\p«n HA m m J _ n 1. J u _ >. - _ JM *1.1. 1 . « a ^ * 


/jg^g^readily across the alveolar membrane and combines readily with hemoglobin. ^ 

' S -'- ^ ' ■ ' V'.'-V ;■■■'. 

^rfe^v^'Howeyer, the above observations were not accompanied by measurements of 
■ carboxyhemoglobin saturation in the blood to determine whether the amount 

absorbed is significant enough to elevate the carboxyhemoglobin saturation. 

Even if there should be a significant elevation in carboxyhemoglobin, it would be 
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disposed of in the same manner as the carbon monoxide absorbed from the ambient 

*-.£■ V, i r> v . * ... . . 

rfcvF*: air derived from sources other than cigarette smoke. The rates of disposition 

of carbon monoxide from various sources have not been examined simultaneously’ ; Vv 
with absorption studies. . ^ ; 
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.pvr^ : - 3>__ Carboxynemoglobin Levels Associated with Cigarette Smoking* "‘-1 

• • *&l*r »V* •*»?♦£> * ’* ** *• '• ♦ f il, • • * “ /• ; 1 ' « "• ‘i • **:'■' * . I.: V. ■*.•.• ’.Wt^i i'ffx , - * I 1 - ' ■ ^7.. - ; . ■ M *7^*? :?Jj *** j’j ' 

the face of varvine concentrations of carbon monoxide in the cigarette smoked 
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;: "' \ ; ’.:;,s ■ •-' 

;:!M^^i 5 ‘tlie study, are as follows: 

r't* 7 c-> *7.57; ^ :;V-T •:. r-.--}- .-. . 

V4S;T£.-ESri*' -■■■,■'•'' ■’•■• 


•g to the geographical location of • 

:V- ■ 

•*V; ***^'^7 &.<.••■ 


City and Investigators 

>s; --;<•,.- -•■ . •" 

Chicago ■ .WvM'--:.:V : : : 

^fcfeHanson and Hastings (1933) . 


No. of subjects = mean (range) COHb 
nonsmokers smokers 




;V V 


■•a'.' 


'■' »’•' v : V..." 


Boston . . , ’v: ; 'i'.T. ’ 

, II'Vv : : -{' ; .V '-Gaensler et al . (1957) 5 * 

Los Angeles : 

Motley (1971 ) 52 ' •' ^ v: • 

Sunderland, Great Britain 
Trinder and Harper (1962) 53 

~ Muni ch, Germany 
"fM^f^iip Scheidemandel and Daum (1973) 


54 


Milan, Italy " f . 1. .4 - • 

Tj^^^g-Parmeggiani and Gilardi (1952)55 

Genova, Italy 

l^S||:Kanit2 e^aL (1973)56 


Tokyo, Japan 
Muroya and Kubota 

'.Atvf*?' 4 


57 


• Zagreb, Yugoslavia 
*• Valic and Duric 




58 


7=1.5 (1.2-1.9) 

9= • (a 6-1.2) 

115=1. 5 (0.2-2. 9) 
23=0.9 (0.4-2. 1) 
26=2.4 (1.6-5. 0) 
9=2. 8 (0-4. 0) 
164=1.2 (0.2-3. 3) 
30=0.7 (0-3.3) 
75=0.9 (0-2.4) 


9=2.1 (2. 0-6.7) 
10= (3.1-7.8) 

81=5.7 (3.2-14.2) 
15=2.6 (0.7-6. 5) 
19=7.4 (2.8-13.4) 
14=4.9 (1-9) • ' 

34=2.3 (0. 5-6.1) 




28=3.5(0.9-8.3) 

CJ 

75=3.8 (0-5.7) W 
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The above results show the wide range of values for smokers. In each series of 
vlV-comparisons, the range for smokers is two to seven times the range of nonsmokers 
value for carboxyehmogolbin levels. The wide range is, in part, caused by the 
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results indicate Vrise ’followed by a fall in carboxyhemogiobin saturation 3|||gggj ; 

^$$*53^*5 ...... . . s . ■■■:: : x v ■ > ■ - -V ^ \ .J£ ; 

i r» fV»rrtiiir «a of smoking a cigarette. Ashton and Telford 62 analyzed four to -sit: 


in the course 

--c. 


\ V • v*-..’’ -1*. , . 

finger-prick samples in the course of 20 min for each of five smokers. ;..j®gp: 


■q| , N,^;'' y Six fir _ 

The peak level was reached immediately after consuming one cigarette which 
was followed by a fall with half recovery to control level m about 5 to 15 min. 


- jS' V v : 

Jz%im 




: Castleden and Cole 62 inserted an indwelling venous cannula in each of ; 

six smokers. By repeated analysis of the blood, the carboxyhemogiobin level 

and there was no rise at the end 




remained fairly constant throughout 24 hours, a 

carboxyhemogiobin level challenges 






of the day. That each smoker maintains his carbox 
^^®l^he theory of Goldsmith et_al. 64-66 and others 8 * 67 * 68 that with repeated smoking 
the course of a day, there would be a gradual buildup of carboxyhemogiobin 

i^l&^This theory is based on analysis of alveolar air 64 " 71 carbon monoxide as well 

' 1 * • * * « . *' 

as several assumptions which have not been supported by actual blood analysis ^ 

Iplg-by Castleden and Cole. 62 /: 1005105274 

The above observations support the theory that smokers fix a level of carboxy- ^ 




hemoglobin saturation that is not exceeded in the course of a day. Reducing the 


c 


carbon monoxide content of cigarette smoke might mean that a given individual 




could then smoke more without violating his personally-set level 
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,.^j^^vV-is^: ^ 10 cigarettes daily (32) . -•: 2. 

: I^:;: 15 cigarettes daily (16) -i, .• 2. 

StSI*****' ,-■ :te;.fV.yAj-'•?•*• / V-‘.. ;: j;>~- 

. 20 cigarette s daily (20) r- . / 2. 
30 cigarettes daily (7) . 


2 
2 
2 
2.8 




^&*;>.The 


' *.:-SV* '.i':' ‘*. ,’v : '’ 


wm 

0-9.5 k;^®£ss$BH8& 

1 0-5.9 ’ 

0-6.9 
0-5.2 

‘ :•■/.:•' .■ * 
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other reports do not show range of values for various groups of smokers. ^3-75 j 

; .•-i'.vX.vS.v i - V'..• •• Ir i <•-: ■£*':: » 

: >••. • v>v1V^ - 

The presence of a dose-response relationship is questionable unless the results ' 

are subjected to statistical analysis. . ' 

•• *'s\ - 

• • •• - ■> .'^V~«v:,.V$Ur*si4- •*> 1 ‘ 
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Practical Aspects of Carboxyhemoglobin Level 

X'fiK v . '• •.'.••■' •• ;•••••'•. • :•>:•. ’'v: 

vv : : V : ~ : ‘ '■ y 

That carbon monoxide present in cigarette smoke is absorbed in the blood '^44%. 

. : • . •: • ■ ;. . 

°f smokers has prompted several investigators to suggest means of reducing "'.T^vf^ ; 

the carbon monoxide emitted from cigarettes. '&-78 However, it should be 

■ ' r ” ' * '•" ' 

■•/s5s^€'i noted that the amount absorbed by the smoker is to a large extent influenced • r ^\ ^ 

‘ *7q ' 

by the manner of smoking. Robinson and Forbes' * concluded that puff volume 

. / ^ -V’ . . _ 

’^v j**.'*'• j-- *.’•••-■ .-a ;., • 

influences the delivery of carbon monoxide from cigarettes, just as does the j; 7^ 

C. ;; porosity of the cigarette paper. 
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'^^^|||| Another suggestion has been to publicize the relative amount of carbon 



sumption of the individual, as though there is a self-regulating factor that keeps 
•: : ^MCcarboxyhemoglobin at a level that is constant for a particular smoker. More 


investigation is needed to determine the factors responsible for a relative fix- 
3i-^' ation of carboxyhemoglobin levels in smokers. The fundamental issue 

thus far resolved is the health consequence - of increasing or reducing the 

This question is answered in the next 


r•*?-?.carbon monoxide in cigarette smoke. Thi 
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^J0m?m* most frequently-cited evidence that carbon monoxide contained in'/•*&$ 
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cigarette smoke is harmful to the heart is the series of experiments conducted 
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.^;^|^.by Aronow et al*. . Since 1969, they have been studying patients with angina i;; £L, 
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In recent review articles, ■/ Aronow has concluded that "nicotine and 
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■ incidence of fatal and nonfatal myocardial infarction and sudden death from 


'coronary heart disease in cigarette smokers. Aronow based his conclusion 
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iM^l^own studies on aggravation of angina pectoris have not been confirmed 
■'/S&xUrW 'section reviews the contradictions to Aronow's conclusion that "nicotine and 
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a subject can tolerate exercise on a treadmill. The endpoint of the procedure 
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^^^^^%'When the re suits of four publications appearing from 1972 to 1975 are examined 
’ : ^0^v^ : ’as a group, the most surprising feature is the consistency of mean control 

exercise time from 224 to 249 sec. The publications do not state whether the 

same ten patients were used from study to study. In any event, the smoking of '- : 'M •• 

V&u&l'Mri:... - ■. •-'■ . -. ... . .vr- vV 

Tv ;: ’. •• ■'■'t:-i.V:," . .. • •• . 

4 high-nicotine cigarette caused a shortening of mean exercise time by 56 sec 

.•: '--v-'-- • H ';4 : 

which is slightly higher than the standard deviation (51) of the control values. S ^ 

. -.■•■• • -— *Z 

■• T : *' 1 • { *' * •• ' W . 

• There is no confirmation that cigarette smoking reduced the exercise per- F 

. .' ■' " ' ' ‘ 
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pfcarbon monoxide, Anderson 



significant that Anderson 

• v ^;«saa 



• £ .^v :•, ;r ^' 


^g^io have used the shortening of exercise time to provoke angina pectoris as a 'll 
j^^|||Sign that low levels of carbon monoxide are harmful to the anginal patient 'MSf'.'. 


(see next paragraph). It might be argued that the earlier onset of pain may 


SM^££ al8b be desiraMe because there is an earlier warning to the patient to stop 


: exer tion. The stimulus that excites anginal pain has not been identified al- 
K though there is recent evidence to implicate coronary vasospasm (Kattus^J. 


• .Carbon monoxide and nicotine can be excluded as causative agents because these 

constituents of cigarette smoke do not constrict the coronaries. 


b, Carboxyhemoglobin levels of anginal patients. Another surprising 


feature of the results of Aronow et si. is the uniform mean arterial blood 




ij^p^carboxyhemoglobin levels and low standard deviation from study to study: 


«*;Av »*fv 7 -y , r>' r x -.-r 


- > •' • . -v .COHb % 

• ;‘r':/:•• number of subjects ‘ arterial blood 

-:—-^ - 

angina; 3 smokers, 7 
'■ nonsmoke rs”^ 

r .. • ■ •■■■•■. ' 

r- • (io) angina; all nonsmokers® 1.03 ±0.27 

^V.‘V • (10) intermittent claudica- 

C ~• tion; 2 smokers, 8 


COHb % saturation mean ± S. D. 


venous . blood 


./ c/.J- y 


0.83 ± 0.23 


-.<S.yv 


v,:.-. '^'>vv nonsmoke rs9 


1.08 ± 0.24 


O- v-' !i -" 


v* jS'-*’ 


Source: https://^wJndustrydo(^uments.ucsf.edu/docs/fmmx0000 




of smokers and t $£0' 


#^The abovere suits are lower than any'previously-reported series 

non smokers, both for mean values and for standard deviation (see Chanter 2) 

--SWi?*" .C In thfi Rpripfi rvf 1 (1 ancrinol n^fianta V.. A—J__ i -» 26/,- : - • • • ;, 'v 


4 ^r;'t ; : standard deviation was 0.6 whereas, a similar mixed group reported by Aronow SM||: 

'•"* "••• v >•;.> «*.• ••*••-'•• . 

rX&ZTjii et al. had a standard deviation of 0.23. - ' 

V . . ■ •/. " ... ' 

* K V 3 £:>« ‘S’*'/' * 1 •• . • “•' ;V^ 1 , 7 *-; -.r.-r-y; • '•. 1 ■'* : l. ... 

iSKSfe■*:' There is reason to suspect that the analysis of low levels of carboxyhemo 




'^fBr* lobin P erformed b y Aronow et al. are inaccurate especially when the results of 
i^^^^coronary sinus blood analysis are considered together with arterial blood in 8 &K 

fill 1 A r* 4" c o, f A 1 * a m J ^ h « ~ 1_ C i_1 _ * . . m, m — _ _ . . ..t .:**’*?. .'* Vl .' 


•«. ... Wpi . 

-***, l‘<?* ’■ * ‘ ^v.* 4 •" ’ * - ...•!' 

^^l^arboii monoxide v : a % r -v : ‘\.' 

•;..*• v.-* f £ ; *ns;\ ' • •.,;y r *: v*" ‘- 


s or inhaling 150 ppm 


V*K?- 


I*. ;• V* 1 v<r* ’ - • 

• v r 

Procedure on 8 

arterial .-. ••■'< 

ti. >venous 

A 


. -t'. 

angina patients 

' mean ± S. D. 

mean ± S. D. 

mean 

• £**<•:' ’./l •. 

• -' - ' \r[ \ - ~ 


‘‘ control «-..U:..;';;v.--‘ 

2.16 ± 0. 45 

2.24 ±0.39 

-0.08 

■¥&m 

•H ' . - V 


'after 1 cigarette 

3.15 ± 0.51 

2.81 ± 0.50 

+0.34 

§ 

V- 

after 2 cigarettes 

3.76 ± 0.49 

3.48 ± 0. 53 

-0.28 

m 


30 min after 2 cigarettes 

3.25 ± 0. 50 

3.21 ± 0. 50 

+0. 04 

S-? 

c % 

after 3 cigarettes 

4.16 ± 0.48 

3.90 ± 0.51 

+0.26 

AJ 

-**;-*Vv ; C-I -u •:'</"•»% ^ \ ‘^'*^7.'' 7V'V« ^.-T* w- .*t '•’ 

'. '''*■' '•• .. •y*'*• '- v '••• 

•*/ :.«>J, v" • ’ f".'**• v *:r. 1 •*. •.< . 

..‘ . .‘.- c 

: - . T. :* *'• ; •VA*:C-»‘ 

^ * . j-v,1 'j.:; r%.>»***/ .*. 
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above differences between arterial and coronary sinus blood were over 1 

o:.o'V. ; ; -r; v. \ • ••'.. -v ... *■' • '*£'$$0 

r^^^^-_by Aronow et al. It seems that in the same group of patients, there is either a 




'^^^S^release (as much as 0. 28 vol %) or uptake (as much as 0. 35%). Since the heart 

; is ; n0t known to produce or metabolize carbon monoxide, the differences reflect’^^J; 


•^Ig^error in the analysis of as much as 0.23 + 0. 35%, i.e. 0.63% carboxyhemoglobim^f 

«.*w* r y' : '.r ‘ V ' " . "‘ '■'• ” * •'•*• - • "* - . . .. . y t .; . • - 

; ^J^;The error of analysis is as large as the standard deviation of the series- The 

-Hiivj-,v* 4 .. ;■ .>:<•;•. • . ?••• * • . . .. ••• , - .. •*■- } • 

•w.* *•***'■■ ,v -' •“ 

carboxyhemoglobin levels reported by Aronow et al, have never been duplicated 


t>y any other cardiologist in respect to the homogenous nature; of anginal patients. ‘ 

v?-.v•*c r .~*. •*• ?' ■. . . __ ’* ♦ ••«•■ "% .'•< iV' 

•.•"•■ • ... • 

■-' : ‘ ;».: ‘; #>:r-/ • • 

; 'P^'T 

v */ P • ’;.'p 

Heart rate effects of inhalation of carbon monoxide. An analysis of the 
"^^^the effects of inhalation of carbon monoxide reveal the following: 

•' mean + S. D. b eats/min 

subjects * : i-, 

• (10) angina breathing 

■ freeway air^ 

, • " • ' * r * 




control 


after 


(10) angina breathing 50 
' PP m c ° 8 


(8) angina breathing 150 

.. . >V.v ppm CO^ 


'y :M 

. :*K '... : 


(10) healthy breathing 
;V . 100 ppm CO 13 


80.6 ±5.0 
74.8 ± 75. 0 

72.4 ±4.7 / 

74.4 ±7.2 ’ 


81.8 ± 6.6 
75.0 ± 5.74 
72 ± 5. 5 
73.4 ± 9.6 


•• ' f 




C/1 


.o 

Ql 


: fQWA* 


Cfi 


-V:' 
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ij^®^^*@?p»s;'8®’Ktt««Ef5iia@sg«P^@«!|s»:i«a-s®^Si»45l^ffi®laE®fc 

€^^^sS!ffg^ : gg te a g a fe tat * ^ in ^ lati ° n °^pto;i5o)pggi,^ ^p 

r ^^^llS?a 0 ^. e . does no1 influence the heart rate^SheDhard 22 


• SArt'-vi** 


|M^ ,,.^£t.rate effects of cigarette smoking That nico tin r^Seda^^i 

. w« the conclusion of Aronow et ? U on thebSfjf^'^p 

^^^ , ' n ‘S in8 - th ^ heart “* e reSp ° nSe to halation of ciga^ettes^ft var^rtllll 
^^gamounts of nicotine. - . • , The alight increase in heart rate is accompanied^! 

^^^gya small rise in blood pressure but no increase in cardiac index/ These oSiH 

'' " ; '' '' ’ ' ■ .:•;>•< " '-it;'- ; :;■.’.'•V”>>,vWi! -.■T/yi 

the earKerresu,ts ' of Engan .et al. 29 -. 31 i^ntecost and " '^S' 
SammeIS eta1-33 In P^nts with coronary hears disease, 

: S moWn 8 caused tachycardia, there is no accompanying increase in 

;'8Tv:^!fi:,:cardiac output. .-v:,!-;';. ■.-■ .A*5 V - .% 

■ ••.V/.-:.‘ :; i^-y ' ■ ■.■:; ■ .-■■■■' ■ ' ■" ■ . 

' ••••'•''•• : -v:'• .; ••• ■ . 1 ;' V-,.'■. . ■" ... '■■ .. . - '. 

: : . ^ onar y blood and myocardial metabolism. That cigarette srnok-'^ 

d c 0es :^° 4 ^ edu . ce coronar y blood flow was proven by Bargeron et al 34 who 
:^H|appUed the nitrous oxide technique and catheterization of the coronary sinus. " "Iff 

'• ■'"•■■■■■"' ' •• •.. - .v • -• •••♦ ••• *'. • -,.*r - - . 

Cigarette smoking in 30 normal subjects caused a significant rise in coronary 
^gghlood flow, a decline in coronary vascular resistance and. myocardial extraction *! 
Jg||..of glucose and oxygen. In 7 males with myocardial infarction, smoking still 


t>«; <.' - 

J '' ‘ * \ i \ 


O 


caused an increase in blood pressure and heart rate. In 3 of the patients. 

• coronary blood flow did not change, while in 3 others, it fell slightly. 29-31 
Although there was a slight increase in oxygen consumption in 3 cases, the 
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^^^ U ^ eranc £? le ^ ardi °gramwas taken. Electrocardiograms were oe^^S^ 

' ‘ '/Y Y ? '\.' / - •,._;• ^ ••'v ; v : V^v 

JpISSiSiS?;“ hlS manner 50 ** no1 •» miss *»y of those rare patients in whom 

■:"■ ' : : ' . --.riti.V •'• ,' ■ ... ;,.. / ;- ' • r .V^W-.. > YV^Y':. 

.wl^G^A^i.flnrinlririor rancoc o .t_j. .. _ • ^ 

• »'•>>« -i’.v yrji* . 


recurrence of chest pain, recently induced by exercise. 


d alS0 patientS in whom » immediately after smoking, pain and electro cardio- ^ 

• ^*r; '. ■■■•’■ ‘‘iv-s* • ♦ . . ..... ..»'-'■ ? , ..- -V' _ * * " • .. • ‘ 1 - * •" vv'* .VV,'v.w' l -v/ : 

y'.& c changes on exertion are more severe* Y* 


* rv : ' 

• •" * "-■rW.'U&ij*?. 




*•■ rl ■' 

'‘V.fts---- 




'*•''•■ ‘ 

. 

By th i S rnanner °i investigation, only 3 patients showed electro cardio- 


graphic Ganges appearing after smoking and exercise. The incidence of chest Y? Y 


3i|fY:;:P a i n precipitated by smoking was 6% (20 out of 309 cases); only 1% showed ;?BfY 
J^|iJV eUctr<5cardiographic signs of myocardial ischemia during smoking. ".' ' ' 

^^^- l lec tr^ardiogl^m^of non-anginal subjects. ' In healthy subjects 1 the'^S^ 

|gg|fSexamination of the electrocardiogram of smokers failed to show a significant 

: • - K^r"*v > ;;•»•'.• • '-■ - ... . ;•.; .;..;.. . . .. - 

a^ii- /> ...i'.l... rli ff a VaiM A A Ih t A — A .. A u a/ i1_ _ • L • .. - ' ^ 


. . ._,...... ....... .. . .: a .. . . . . ...... 

difference i n frequency of the ischemic pattern in the electrocardiogram as com- ^ 


pared with that of nonsmokers. “ In similar surveys by other investigators,^??' 


fHH? there were more smokers in the group that showed ischemic response in the 

' ,r .•• " ■ r “ "-'Y *■“ ' A1 

IS?-Y electr0cardi0gram during exercis e. Doyle and Kingh 41 reported that 69% of 
subjects giving an ischemic response were smokers, whereas, 37% of those 




5 

m- 

C 


with a normal electrocardiogram were smokers. Kattus et al. 42 obtained the 






.The polarcardiogram; which, graphs the polar coordinate 
■’^ e T 1 f ar ^ Yec ^ ors _ vs » time, indicates a difference between smokers and 

45 The com P lexit y of the technique prevents its widespread : '-/XXft|X r 

: : " ” : ^ : -^-^- : ^ v :;^-' : - •• • * : •:' V^* ■•■ \Ai3£f\ 5 ‘ '" ; .•’••■•X-'X ^ V.-XX ..-.^ 

a PP Uca tion to determine the significance of the difference, .•••' 

• ,:■:& x^xt-:,-/-;..:?,-:;a.^;^^ ; •; •:•;. % ::r'.-vvi*. *->.XxxXX,;<x-x.r - > •••' 

&££%. ••-•C ’•'•‘ / ' • "' V-.""■*X;?X'X \ *jX x-xx c* .W-^'jiix-v.^xX' xy* erv-* 4 r.V^iM ^;X./ ’• • ; :> : \ , V - 

.'* *?“ ". •- ^ ^rt vrsw ^ •>**»■ A __ 1 * ‘‘ - .’•. , _*■•.• - . . .-« " V • . v.. 


3. Coronary Arteriography. • 


The effect on the coronary arteries of the smoking of cigarettes has been 


*- r X'H-X 

V.v/. \ - ->.- :■•;■,*; 


v -Jr.- 

: . --Y .. ’, •, 


': 1 : ’ . ‘: X >- T * vy*' 

'.''.V^: - V - 


Sl7 investigated in man '- b y arteriography. Likoff etal. 46 tested the smoking of 2 /^X 

:^feXX igarettesin eacIa of 10 patients with coronary heart disease. No effect on the XS 

•• ■' • .••’ •; .'v.j .;•/'■ .. . '•'•-• • ". I ^.;,:* 7.-.' -i. -y"^ •'•'•" ' v. : ;- r • l' ; • '.- * - • ‘ * . ,. t . ,V'••»»'’.•*•» 

is^IXX^ze of the vessels was observed by cineradiography. 

v: •••.•: .-■ . . v ; ■ ' . .;■ ; X 

^^BSix«lisi a M ? iS raphy / n Tatierits withan6ina pectoru 

S ^ 0W a . ^lationship consistent with the amount of cigarette smoking ’•■* 

•*.X;r:;x v ''*-X • * ;. ^ .,.•* •; ■•■: . ■ 

^^yNewton e tal. 47 examined 80 patients with angina pectoris and made the follow- ’X : X 

'*■ ! »?i »>*•• V - "-" • ••”"*•• - - - * ■ ,*}•; '■'. •■ *'*’ . '*»T* s.' ■ .-' *' ' ■•.* ’ !• *. • • ." . *’.. . • . • 

i^^i^ving observations: >..'■ : ";: . '. • •. . . 

: ' • ' • ,• " • • • • . . ; . 

'" 43 normal arteriograms: 29 subjects were smokers.* 
abnormal arteriograms: 40 subjects were smokers. 

r ’ •• ‘ •♦. »: ... .. ... ... ... • • • * 


:• •s'' 

V>V*v-* ?y.A 
... /. : .- 0. 


•- 

* 

„v'-V'. ?:.* 

' J-•• 

- ^ 4 ' - * 




: Xp?!|i The y concluded that smoking was not related to the anatomical findings at 

-'"j \,' . *.., .'.. -.■"..'*,'.^.'.''*yr,^"-ri**.. '•-■*. .*■ 

“ <# . % • '*♦' ’ / •. ‘ •' . .* *'*’*’■' X *’• / ^'Tr ^ * 'is* /!S i 'V' V~* '* " i- • * 4 • .* * ';7 *' ^ ^ .V" '■ ** J V 

*. I .X . - ' , . 4 i. * ♦■* W‘;* .—<. H •: jj* j/-<• *7 ;. t .• / ‘ . • •• % # .-. « 


s 

; Sh»s 

K •; 

o'x;x--: 
cn ■ :';'X: 

W- I';.:'-?'- 



Source: https://www.industrydocuments.ucsf.edu/docs/fmmxOOOO 



*■' * -v '.m. !■ ♦ v 


C ^^:; ' :>••-•.* \'* ••: • •’-••* - » - •• :*-'•■ .yy ■*;, 

coronary arteriography. 

■54^SR^^^r'^'^'^-'''t>”".i ■• .48 


y y ylPpi^^^p- 

. .it:~~- - - ///*«» 



s were smokers. 

, ...,; ; „>. r .,,..... •;• ■:-..., ,-;. ■■Sidl^^^M^ 

ects were smokers, 


'*0%£®?;£&co ronary arteries. There was no correlation between the number of cigarettes 

• .■•■■■> • ' • • ■ :• • • • . ..•. •• ^i&v 

n ^l|p£*'% 8 moked and the extent of disease in any of the arteries. Even the total coronarv 

' y:-: •• •“••'•'• • • ■ -■• ' . ■ . .. .„ 

^p|2py airter i al score ^ id not bear any significant relation to the tobacco consumption. 

• • ’ • : V-". 

, ; ^^|* 4 £||%Tnere is, therefore, no indication by arteriography that cigarette smoking pro-' 

;• Vi -iC>!::.4' •*: ■;'••{•' ‘ > > : ' •• o&‘* ? J>;'. ;' . •.,* . ••-.'•• •-••.: ., ■■ • ’ ..v*. * 

• v . £v«-,•*.•...., ........ . ; A ■■VvV.^Vl* i 

duces obstructive lesions in patients with heart disease, nor does smoking exert 
any coronary vasospasm. 


•- lo • .;. .- 

■ 1'^iji* t J> \ fc • ’-•••*> 

Does Carbon Monoxide Provoke Angina Pectoris? 

y. ’ *' -. -V C * ' * . • 


A review of the literature indicates that there is no definitive evidence '" : :'-W^0^'. : 

: ■H 54, yr-.'• ^•*f•* : • • ;. .y..'■■• •;• . . , ^ - , 

support the contention that the carbon monoxide present in cigarette smoke '^5'-^ 

'.^^^provokes angina pectoris m patients suffering from this disease. The widely- )+ 

• • y,:. ; . .... . . - 

quoted studies of Aronow and his collaborators show a reduction in *xercise ?o ' 


•' ’'-’ ' ' »s '•* i •'•< r ■ ' 

■' • \ •’rv.'■ .-•*•• 


.O'vy 

y*' ^ 


- .V?- jrc?, ry< U • 


: performance when anginal patients either smoke cigarettes or inhale atmos- '.y 

•’• •• 1 • ’ ••' ••• •• • •: •■ • - ".y-^Vr- 

/y • ■ • . - r .'•*■ '*y■•• • ^ 

yyyyphere containing carbon monoxide. The uniformity of the results derived from" 

-y.y. ■• ■■• ;-7-- ; -y.... % ;. ■■ . .•: y.v.y 

jr:.- groups of 8 or 10 patients questions the validity of the techniques used and suggests ' 

-x- ;• vv _..;- 

•%.y : v the uniqueness of the patients used for the study. In a survey of 309 patients with 
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obrective recrirdina nf >Ka AlA^f v/*U r\ rr rv-v Ar»1 » 



•••■ j --.;;:« : ^0 

showed a 



? S ® d v* ordia S nosis ©f coronary heart' 


^iSfe#4s#»4S}IS5“5'. ng *: deterior a«°n of the patient, such as'by inhalfig 


Wm0m “> Prospective studies 'shewing' thXgSPlf 

® X i P ^ i ! nCe - a reduction in exercise performance die sooner from 




®Sltol^ thanthOSe Patien ‘ S V ' hCSe 0XerClS ‘ ! Performance impiovef^ 

®SSlS|iES° nlrary relati " g '° Patie “ lS Wh ° deTCl °P -yocardiat' 

; ^l^&C:infarction (see section B). " ’ '•’‘ ' • : - i ' - •.' ".•.. ■ / r:■ ‘ - 


yr.. 


: .- \— w “v v u #* • • . * • »•* • -•■ 

v •' - ^ ' '' : . ■■■• :X ' V - : . ■■" ;=.-;-■ '7 • 

I n healthy adults, tolerance to vigorous exercise to the point of exhaustion 

~ . .... ; ..;v;f:vi- 

^Sfei ds sometimes reduced in smokers compared to nonsmokers. 9-53 These reports 




liSSf|^ r ® baSed on a li ^ ited number (10 to 20) of subjects. In larger prospective studies,~ 


^^l^cigarette smoking did not reduce the capacity to exercise. Morris et al. 

.?' . •• v",:,;..;, . .. , 

:^S5£^ e P° rted that smokers could tolerate vigorous exercise as well as nonsmokers 'iSllS; 
^^^S: am ° ng 16, 882 Office workers. Cyntelberg showed that smokers had signifi- 

*:■': - .' . •'* -’v ‘ 4, v. rr- - • *'• ‘‘ _ *;v>. / 

•^&t - cantly higher Physical fitness than nonsmokers in a group of 5, 249 middle-aged ' ^ 

' '. :: '■ '!••:/ " 7 .C?±: ‘ ' .v* *•• ' * • ' - •'. : ■■ “bf.- 




-;-■*■ 4yr.■ ■• • - * •••>• - . cc - • ■> 

Danish male workers ‘ In a group of 78 American male faculty members, 
‘v^fe<* Coleman e^al^ reported no difference in the aerobic capacity scores 
'xvv&jf# ° r physical work capacity between smokers and nonsmokers. These 

* '*>* 'i •' • . ' ’ • • . • 

% ; \.. V’X, * • . 

; • V observations indicate that measurements of tolerance,.to vigorpus t ex- 

V.' f ^rcise on a treadmill or a bicycle er gometer to the point 
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°l^ ocardial infarction is almost entirely epidemiologic^^^ 
na ture. It has been suggested that the carbon monoxide contained in 

smoke is a major factor in the occurrence of myocardial infarction 


• v - * ‘ ! • '•■/■'•■'’ * ,i-i ■^.'"v* - 1 V ^": ^ ■> “■ *.'.' ,/>.>* ■ \ ’ ; ■ r " * ■' * ',.;•• *“ .;. . '•••... • 

•^gg. among cigarette' smokers. An examination of relevant publications does not 

.: ' .„ ,\ ..... . 

^viv,7.. su PP or t this contention. . ’. x ; 


* V* 

g'V 


' ':':.r'",; 

•" . - - ^ ■ • 


. : ' - 'Vvr - *r : * ^ .y. 

" ... * - '. . *Vv v .vX* * 


#®E. f ° r - everal -ms.in Copenhagen is usually cited to support the hypothesis 

• 'V •: ,.v: ...•• 

elevation , of carboxyhemoglobin levels in tobacco smokers is associated 

;#g^ with a high incidence of atherosclerotic disease. It should be stated at the out- ' Ml 


•:;••!; 1**1 ' *' * • A *; 

set that the epidemiologic study consisted entirely of Danish smokers and there ES: 

, ; •' ■ . y • •. • •. . ‘^v.. ,r . v ■ ,-.• '• ....^^* 

..»£*»*. * * *• ’ '/■'•• - : ■• •.•-'•••;. -•:•■•'/ • ••■ • *. ' 

;gg|:./were no nonsmokers for comparison. There was actually no relationship be- ' © -M 

: ’MM •••’ '* '• * I.M- 


:|gf| tween the smoking history and the incidence of ischemic heart disease. How- j2 


^ v V 

'BE^ ever ’ the ca^boxyhemoglobin levels in smokers wsre found to provide a better ’XH E 
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>^®p^^fe mon P xl ° e » other than cigarette smoke relate to the incidence of disease, 

S^KSSSUSSi ■ ■,, , ; 


possibility was not considered by Wald 

| ^ r et al. ^ 7 . Instead, Wald etal. described a method of evaluating exposure 
of.smole rs^by ^mbining carboxyhemoglobin measurement, the smoking 
•?*^^^:fc.history and the carbon monoxide yield produced by each cigarette. The f 

i 1 n d1 nO ft nf f nVi ^ r' ^r\ em nTro *iV\ c rtfl <4 V»^ « ft/J AM 4-"U rt «s “M rt W1 i n A lb . i. i.l_ _ • _ 
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. indices of tobacco smoke absorption are based on the premise that there is ' 

... :.„. v . . • -:.'" -?3i£;2i 


C^^ : a build up of carboxyhemoglobin during ‘the day in cigarette smokers. 59 How¬ 


s^*/S^. ever * ^ is method proposed by Wald et al. 57 is in question because Castleden 


PaUDU 


■•ijS|K^? n d, C 0 ^ b ^ failed to show an increase in carboxyhemoglobin level during the day. ? 

' ' - v '' ^ •• 

^ ^ recent review of the literature, Wald and Howard reiterated their earlier 

conclusion that carboxyhemoglobin level is correlated with the prevalence of •'-■-A 

. . .• :••■-••;■ 

rial disease» independently of the amount smoked. /' ’ " ••jJl-'jl; 

- ‘ .♦ w’:" '* V.'.'.- '* ... . . . . •' 

•• -'ii ___Li:_1: __1_Tir_ i j _• # • «• . ... - T . . 


all the publications by Wald, there is no mention of a 1973-article by ^0P0 

ip ^^'^ yRea et al. ^ who performed a community study of cardiorespiratory disease 

. . .... . . ..-:.-■ 

Great Britain, in a group of 783 adults which included smokers and non- 

V ;..•• .....'. - •.. . 'vV^N 

??Ui s V! ; :-- :i * ‘ -■ -‘ ••-*•..^ • ' •'♦• •;•• '?M)s V.-' 

smokers. Although the level of carbon monoxide in the expired air correlated 

• •;■.•; jLvi 

^r-M ■ ^- ' -.■:■“■■■ •--• v •••••• ; ••• ■'■••■ vvL: r S}; 

with the amount of cigarettes smoked, there was no correlation between carbon 

, ... • ■ M:-i 

S-* * 'V.: ’.•* ••:■ v- v.V-:V-’•’*'"'•. ■•■• ; ‘ 

monoxide level and the symptoms of ischemic heart disease. This study is w 


an .important one because it is the only one published that examines carbon 
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relatively increased carbon monoxide pollution. These observations prompted 
Haywood et al. to design a study at the Los Angeles County Medical Center. .tMMv 

/^vv * r ., r -, ■ . v . • . ;• 

In 34 infarction patients and 35 control patients, there was no difference in . 

•• , ‘ •••■■. .’. ".' • • ..**■.' . -V. Cv? *. : 

r'Vv--"' ■*• v '**■ ■■■ ;•• v -••••V • * .•• * ••-•'''• 

carboxyhemoglobin level although there was a higher percentage of smokers 

• *' •...-, - - . -' ^ v * 


t: ‘ 'if. 

■^j^fanwvV' ■ f: % - *■ * 

-«r- 

#r/r*V: 


in the infarction group. 




^ v. 


"• x. n^-» “J'yJJr.- . 


Kuller et al. 03 * 00 concluded a study of the relationship between carbon 




monoxide exposure and heart attacks in the city of Baltimore. Unlike the ■ 
results in Los Angeles, there was no correlation between the number of cases 


P er day and the ambient carbon monoxide levels. Postmortem carboxyhemo- ' 

■ ?■-. JteUjfcafe-'. & r~iV .' iS!f< ; iv ' f -.\ ^ •■ i-}.v 


i ;: - viMv 
•r^.^ r 

' AT. r ^ v . * 



• •:*•'....v..... ; . v. ••».;... . - 

■S0&W^ r The above ohs 


w . . . , , infarction 

2«J? - >£‘ f; ''; V 

r ^&^y : -is not correlated with carbon monoxide expo sure • Tliat there are more smokers : 

“ : . /.•-'. •• ’ - • '• ' - • 

among fatalities does not mean that smoking is the cause. An examination of H*'.-Vi*; 

• . • fl ■ ■■ V.'* 

' ■'•■■• •' ■ - ; • • :v 5^# 

.results of retrospective and prospective studies does not support a cause and tn : 

- ^ • ■ : ^ 

—•'*■.•• -- - - - -- - -•- ' 
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; Vr; : :■ ^ sSiil/e 3 "•# 

'4 f »ip'f»f"s»sf®gM^ s "-■•: --■ 

! ,^ ,f J! *- 3. * Ppf7*n^ < nAr , ftT7A efii^iao /-\ ( J:_ 1 1 ± • t . * _ . / »■» - .-^av JV-- i*:.- * 


■ M kail S^ a grou P of *°? men who died suddenly of acute myocardial infarction 


B*g«s^^r.; r—r-i* reviewed, a : ■%m$ER&S$ 

^g rou P of 119 men and 32 women who died of -mvoeardial Infarrtf™, tt,,. 


8 p group of 119 men and 32 women who died of myocardial infarction. The r^SSOfe* 
tt0Zg?*? age at the timel'of infarction was 57. 9 for smokers, 62 . 1 for'eSmoker^f® 

1^^®^?’ 2 f ° r J10nSm0kerS * Spain £i£l- discussed two explanations for' ■ J|§jg| 

occurrence of sudden death among smokers at a younger age than among ’ ^llffe 

/••••>'..;•',:•..-. v~ •••••': •. ,•,... ...-. •„ . ® 

n0nS1 ? OkerS * They discounted alteration in coagulability of the blood by smoking^Sf 


on ^ ke basis that the incidence of recent coronary arterial thrombi was not 


Sift C0Trelated With smokin g habits. They favor the explanation that smokers as a 


group are, in many respects, different types of individuals from nonsmokers. ~ 

• - • ' '••;■•., • • ..:.,&■■&*■*; 
^' .*■»' v ’’_. c 4 ■ _ 

;»i: V ■ Thl S 1 _Q 1 n fliai 1 * <*&*1.*3*.» A r. — i. i.1 i. i.1. _ __ a . . ^V-- 


Sl^;-: This is supported in their study by the fact that the average age at which those 


• -ii •.*> KVitfVj,' V , “ ■; .;. .- 

•___ 1 


smoked heavily were involved in and died on account of accidents suicide 
j^^^and homicide was 9 years less than the average age at which nonsmokers died’^pfep 

beeail S# nf similar avanfe ■■■■.'.*■ ■' ■-.. ..:•?•'• ‘ ’.'• . -’v':. •••’•'; &$$/&&&> 


*-• •••';. r'- 

‘i* W' ’ ’ '■ ; X ■ ■’■• VVoiiii r.-» 


rvival time. Spain and Spain and Bradess examined 88 autopsy cases ' 

■ 5 '.y'r ><r ' ' '>**•• -•• . •* • * - • ....•_ ••*'. . 

rtf cn/l^nn o ^ a i _ _j. • fnt • . « . _ . 


sudden death following acute infarction. Their results were as follows- 




‘• ;; ^ :v " -':; v • "• •-- ■•-'• ■•'•• • * 

vnumber of autopsy cases 
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(Survival 
rate) 




y| r pSr f 18 nonsm °kers: 12 survived < 1 hour and 6 survived > 8 hours ( 33 . 3 %) 

C JS%4 30 Sm ° kers ( <X P ack ) : 22 survived 41 hour and 8 survived > 8 hours (26.6%) ' ^ 
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v"* r?-r C Heavier smoKers. me.association was 

sless evident within the nider a«e more striking under the age ’of 


nonsmokers: 2 deaths (14. 0%) 

smokers (<1 pack): • ^:/- ;; .l death (5.5%) 






s (> 1 pack): ij4 v 11 deaths (16.2%) 



' ••’ ’ ; '•'~ j : v%> ’ -' 

death than nonsmokers. 


- • - ' 1 -?f . * \v* ^ •’• 

pack daily have a lower incidence o£ sudden ’*"'.• ';'s~T 


>*-s• ’r**M •• •••'.**'• • *.'• .5- >v: .'V "*•:-... . v , ...,, ;- '- 

. y '* :;'. v ^ ' V ^.'•••* *’“• "' '• > ' ■ •• •' ;.• ; 

’ b. 


4 ;■ i:-, ;V .vV 

' -. -^v 

■ i .U - : ■,: ♦..v^r’' • 


1 •> • v : r - '■ ■ ■'• • '■' >?/’ y> &>; 


. Although 


. - - . i -. —--. • . \ v'- ^::; • ' 1 •,'h;.; 

the re are more cigarette smokers in patients who suffer myocardial infarction 

i^@E th an in control groups, there is no evidence that the smokers have a more 

r _ ■ r 




. y$* 




WrV; 


^P^p^severe form of the disease. An examination of prospective studies of patients 

O. .***it? -• ’ ‘* : r l -:, .v'/T.'sfFi- 1 * - - >Y‘-• ■ . • ... 

and effect rela- ‘ ’§ ^ 


^J||who have suffered from myocardial infarction question a cause 

■ ■:,-.■■■■■■■■ • * - . .■ --fh-m 

;&i:!^:i>tionship between smoking and coronary arterial disease. 

-v'.*.';. *’.■* . . 

Patients who survive the first 24 hours after acute myocardial infarction J3 ^ 


.M|S :have been examined to determine whether cigarette smoking influenced their 

.•V;.Sr • “ ' 


•W 




prognosis. The conclusion has been uniformly negative. Cole etal. 73 examin- 

• V. -i *. r - * 

. V-.v^ ®d 285 patients. Statistics of smoking hahits were obtained for nonsmokers 

^ . and smokers respectively, as follows: V. 

. : • ••;/••/•..% : Xv.-' •.. : • . . ■ :; ft;: ’i_■ i- ' r - • ■ : ■ : v' •■''/•. ' ‘ v;; *. .•'■J- ;■ 

■ .:•• ...v; • .• • ; ■•. • . * . '• •; 

■•:■. • •■■. • , v ■ " . • • ;• •• ' ' •* • • .• • • ■ * ’ - • / {'-.Xv*, 


S i 

•- >*r 
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is 29. 4% lived over 10 yrs 


?31 




__ . . . - ..... 

{ smokers (< 1 pack) 7 M/9.6% died within 2 months 41. 9% lived over 10 yrs ^ 

I p%• n /v 1 m« s \ - 5 V .. 1 ^ *7 Of J! — J_5 i.l_f u *V - -- 1 . 1 . _ .p ^ rtftf if_ 10 I* 





myocardial infarction, : smokers,are more apt to live longer thannQnsmokers. ^ 
'| The duration of survival of patients following an acute myocardial infarction “j 


: ^^f&i4;lias been examined by other groups. The Coronary Drug Project Research ^ 

. ■' ■ ^ w.y'ffis yyii ..: VymM&Si m—r ■ 

■i^^^^Groupstudied: a total of 2, 181 men. There was no association between smoking^p; 

!.i: •'V •'••;. .' v . ' ' v - •', •.. y; .-• y -^ r> 

. and prognosis. De Soldati et al . ^ examined 66 cases of acute myocardial in- 

. (%+£■£'K, • j :• 1 .. .. .«;*• 

‘-farction and noted the following mean duration of survival: 




, * «* * T* 1 

••-. •• ’ -•••• • •.. -jf-** 1 

- : V: v * 

• • * ? ' • ; 


■ • . - ?-• ^ ' 
>v» -•>.>>.• ./•■ 


17 non smokers 


44. 5 months 


■y ."'d : r '. • ■ W0$$£&. 

• ’• • * • •-••■•• ' ' • *• 

..•■•' sr >v-« 

* ' • ’ V : ' f* ^ ^ 

•■• -. ' - ••' v ■ :.r« :. >; 

;*w- v\w.m>••>.’’* 

- ■•• ••. •.•■' ••.:*: 

•: V:" ;V - 

;. ■ *. -•• -.,•:■■• u..,-1; •. 

^ 

differences between groups were statistically significant. It can be noted ~||||||||. 
•■^H^j'ithat the duration of survival of ; i /•• smokers is longer than that of non- 



^UllS^smokers- 




•^pi^^yThe electrocardiograms of 175 men who survived a year without recurrence ? 

after a first myocardial infarct were examined for periods ranging from 1 to 4 ' ' : '^vP 


- "isv'-'Vrt--- 

"•-'■•■VVr’JV, 


•■V-iw'X- *■ - 


" ■■“■■■■■' •■■•':■• ; ' • ■ ;; 

'years. lo In the absence of recurrence, 10. 9% at the end of 1 year and 20. 0% 

:^vS#>;at the end of 4 years had a normal electrocardiogram. There was no relation 

' • ♦ * > r*v ••'•.t'. V . ••. •■-*. " 
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■ ‘--’AV • • 

'. ... ‘ ■ j->-<■■ ’i•** 


4?? oker s (heavy): !../ I t 

• ’ ’ -r-f:, ; ; r £»* ••> ^ \ *:* ■ £. ' : - ...... . • . v ,.. .-. . ..;>*.. : T "' r g-ii' 

.^||i^The severity of the infarct did not appear to be affected by the smoking habits. 

* '.. ,*««'.••* •* ■"‘r**^* •".’!^*» ■•• '••• • "*,f JP" '•'» *«•£■*■*•’..' -'' i.- _ '■ ’ .'ft. 

•;S|Sli-.i.: In . a , study of 400 P ati e nt s with myocardlai infarction, Helmers 78 found no - 




1 ., >-i< V 


¥ * V w* o ouuuxtu tuc XliOk JLlUUi. D« lfu 

: -‘V". : 

.^^^J^^fJ,!U^^:.v.& e X nertson!ind Tago»rni.s79 in a five-year prospective jgfe 
°L IBl pat i- ent . s ’. were also unable to find any relationship between coronary ' X f'^ 

■ v* ; - : -?^ r c:T'//ii-, r ..?.■'f - : v**-* ’ v '/* v *-:v* v..■ ’. .. ■••...'* , •. . •*■ . •.. r 

v^|^vf% ? heart disease mortality rates and smoking habits prior to ^ 

—• VlV'l.* .-AV/si »•• C*i. t.S~ .I •" ?>v;*'*?.■*•.:■?.' ';;*.*j.V .<•':J::. . ■’- *- 4* s ‘: ♦. ' . • ,•" ■ •: • '*• • .♦• ... • 


to or after infarction. 


•r «*•*#<*>s-x.'••• ••.- f. '’t. »S - 

• •'.*.•• •-; • • * • .,- . , : . 

'■/A:'■ 3. What is the Significance of Carboxyhemoglobin Levels in Pat ients 

.. • __ 1 ?■ 1 T. _ r i • a -■ - 


X. y ;.A^ 
-V-jy;. 




cardial Infarction? 




with Myo» 


'. *-V' 


^S-DP-' A review of the literature on myocardial infarction indicates that the carboxy- ' * 

•'. «■ ■ .„ ... - ^ '.. , ..; . . -. ? , . ^ . ’ ... *..• . J. , .v'i. 

-hemoglobin levels in patients with myocardial infarction is an incidental findin® ’ 

C 1 Some epidemiologic studies indicate a correlation between incidence of myo- 


Source: https://www.industrydoci ents.ucsf.edu/docs/fmmxOOOO 





the role of a genetic ' 


. * •; -;.'S | . V 

smoking and to diseases. A comparison 
tl ( e .;” okin 8 hab “? of » f^s of .dolt monozygotic twins and 59 pairs' IS !®S- 
adult :, d ^ ZySOti< :J^ in ® showed a significantly-greater concordance, within ' 
iHf@I 1,16 'monozygotic pairs. 8 These results indicate the importance of the geno-3#?© 

:' • 3 . 3 ' •••"■•;•.'•' V" . 

type regard to acquisition of the. smoking habit. 

V-:.;-. .. ■ • - 

relation of heredity to coronary heart disease in 193 twins was . 

;r '. .... , .... . / . . 17 v 

” ri ** was smaU ’ •» that « w»» impossible to 333®: 
"*«*»« heredity and the disease. In a larger ""Wm 

9 .’ 168 twin pairs, the studies of a population of first-born twins ^^^^ 

• •/:.;• - ..V ■■■• : .■'■■•'• . 

^^^^revealed an increased incidence of angina among male smokers in urbanized 

■rf «•• .-•'pH.r,* *.<•• • • ‘ •;. - _ • •.''•• 

. . 7^-jir >v: __ 1.1 i. e r a j • . 


'‘Vi* 5 *-*3 




L:' areas that was 1. 50 times that of smokers in rural districts. No difference 


:^||;^ tween areas was found with respect to nonsmokers; therefore, the combination 


. .e® W >- 


• *•*'• ••• • . ' •-..•■••• ■. * . . • •• 

IfKof smoking and the urban factor seems to be associated with the symptom of 

: SjS: angina * . Since there was no difference in incidence of angina in smoking discordant- ‘ 
twin pairs, it is unlikely that there is a causal relationship. 83-85 There was a "?* ■ . 





.. 


monozygotic twins. The authors suggest that these results support the theory 

g0 ' ■ ‘ • " 

originally proposed by Fisher 0u that predisposition to smoking and to coronary 

■ •['iJ, v - ' .• ‘ ?*• .'■> v-Vi/’• ; *-*if"*-it? .)?;> _/% ,> .. ' • ... .' 

.heart disease may be caused by a common genotype 

'' - ■ ' ••: . 

Cardiac Effects of Carbon Monoxide, Nicotine 





and Cigarette Smoke 


^i“H* '•* v*’**vU •> ■ 

s ,' 

• f i »*• f ?-• i W <1 •* • 


•-:V- 


rr'Q’l^j/ 


. .\V , '••' ‘ V ; 


■'Thus far, this chapter has been devoted entirely to the investigation of . '' ?P- 

^' ; ‘‘‘ * •'"'•••' ' " ■'. ;V v "^j• 

>»^^^;‘the effects of carbon monoxide and cigarette smoke in patients with angina 

*' X ' ;V *' ' :yi '■ -V; " *; v'-'.^r.^^RS^'T 5 ^- 

.^^j^g-pectoris or myocardial infarction. The supposition that carbon monoxide con-’^ 3 *^^ 
^^ |y. : tained in cigarette smoke provokes an anginal attack and causes acute myo- 

^ ’ ".'f. V ' , -' s . r:..' v T r *' ■ ' • • ' • • ' • ; • ’. • '«. •• • V • -i'v/i'Vt,r ’.'i,'- • 

cardial infarction is based not only on the material already covered (A and B) ;>^v>v' 

''.• v . :•.••< ... ■ •. v :^ -n^ • 


tP^ but on 


v\v-fy^ ** 




*- -ir-- results from 

^ ■■■ .-....■• 

f«.^j”hman and animal experimentation. The effects of carbon monoxide are 

.*.;>: v.. .. ... . 

equated with those of cigarette smoke, although the latter also contains nicotine. 

•■ 5■***• •:• . . . •• •-.- * 

This section reviews the pharmacologic actions of carbon monoxide separately 


;. y *r. -*i. ' 
v v- V. « " 


■ ’• ’•>* •:. ■■•;•'' f - ; r > .<• 

> • y- •••- : r «' • * •:•'*: jvvv** 

•' . • ■•< • • - *:: * ••••*• ” 
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;«gO>a P ter;3 Page 24 V: jK«flII69 jl|' 

V ; " : :-- " : .' vs:-;., •:;, ; 

C “ .'£*'. ?.* * \.: ^‘Ar. ■,^\* , f£ #, SV^ ^>?. ^ '** < ? i ^ , ^* * '' ^ f /- v ^ .'• "\< { 4 , V f .* ^ .Vyg **y, *» r ‘ 


Mi 

•■*«&* »5*w.> 

4 ^C.V^& 7 ;>_ 


n ' x ^ 0 ^ in ?.^^ 0 . > ^ rrj, ^ e , ..^ e combined action of cigarette smoke. 



rette smoke. 

? ; ''.../*■ <- : •■•'v&r'i.^^ 

•• ^’• -. ’. - - -a=-. •••• 




4iSs8S«;tf^ • 

iparhnwnpmrkcrl nniin lovole nv^A A /J cnol ,t,v: a t*r„ , L 


ng, there are abnormalities 
ischemia. These appear when 

s£ atIm am At.y.1. 4- a mmaJ.. .. 1 - _ _ _ F -t2 


‘ '^t*iivi, w«g viwuoac o j. '■ •■•-i .-*■ - *? ., , . • • %♦ - '-•-•. -- • ; ;^.: *• v -' - '*. 'W4^Egrar»aas 

"ISIIS.:".•,'' • • •■-■ •.' 

;in dogs, the threshold saturations that produce cardiac changes were: deter-.^|||: 
'^^pfe^ined by Ehrich et al. There was depression of the R-T segment and At»'S' T ^W^^^ 

1 5 ; !/. •$£'*& ■&*■?.£ '-rHXr,* 1 *^ "-' ';:•:*■■: V,. *-->,;>&r. y , 

S enerat * ve changes appeared at 40% carboxyhemoglobin lasting for a few hours, ‘-il^^b- 1 

S'll^Heart block and myocardial hemorrhages and necroses were observed only when 

!*V^*. r >*'r v i: - !-'i*-"':'V-' r ‘-----"'■ *' - ^ - •. . ' .■ - -.• •'<.*••..; .*.’•• 

■^jS; the carboxyhemoglobin level exceeded 75% for one hour or longer. In rats poisoned '% 

.'.?*".'.*''-.':';'f/ # ‘;i : ' l-fr/?;/- - 'V .’• •!*"• "V: fc -‘ v ' ^ ' w '"' r - • - •■ •’ : - *• •• ’• -• - '■' ,*v 

• . ^'.j >.-4'«•>,?—•—•'» •• '•'■■ '•' ••' ■' * "•’• •' -" ;•■• •* • • 

V^§^&with 10, 000 ppm carbon monoxide inhalation for 10 min, high enough to elevate '"5^ 3 

' • V ^ ' - •• •• - ••' 

'"• ■•■ ‘ •<'»*■■■-■ :' •. ' ’ .."••■•.• - -'•'■'•• • . • • 

•'^^^carboxyhemoglobin to 65%* ultrastructural changes in the heart, consisting of 

. •• . ^ • ,. • ■ •'• ■ ■'+;•' . . • -. .m:.;^ •• , *r; ±<#hri^ W.-. 

■' -,:- v : .-A -■•»{?.': 


i^^^te^intraceilular edema, swelling of mitochondria and disruption oflysosomes, '' ^ ; ^S^ ; - 

'■ “' :i '■ '" .:•:' •■■ "' '' • ':•••'.•• • "'■'■•.■ \ ' 

1ft^&'>ere reported. Suzuki 8 ^ concluded that the effects of carbon monoxide nn fbA ' 




the specific respiratory enzymes. In 24 hours after the inhalation, the hearts 

••'. 9 a 
- ' - v • ? ; -'■•'■•. . < 

of most rats appeared essentially normal so that the toxic effect was reversible^ 

VVi ' y *-'» ;; ; *it : v/,T ■* • . ' •' . ' l;'; 9 '*- '* *"•* *. " . - ' 

• There has been no report of cardiac arrhythmia in cases of carbon : 

'■ ':;;:;t; :•• •■ > '* : - ' •/* ...... • .. ..'. : ... • ... . • ‘ ;-v^*V.4 v ' • 

'^•i^i. monoxide poisoning with carboxyhemoglobin less than 20, 000 ppm. In anesthetized 

^ :£f,V:\;~ V ■ 1 . . . . .......... 

V^t* * * _ _ . •* - #»; %- t {.**,/ ‘ 

:; . dogs, Kaul et al. 90 failed to note any electrocardiographic changes at 20 to 35%, '• '■:; 
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vulnerability of the ventricles 

l " rA ~ -- u ~- >: ^-- — Jf ’-• - -induced fibrillation^® 

m ' m " ' 1; :“ v • i'MTifV*. 


31M*“ a PP ears at 20%. .The increase in coronary blood flow occurs linearly; be- 

W&W: .;.‘■•r '■ , . ... ■". 

x_ a _j - 




J /° tdl uuAyucuiugiuum tu auou 

f^££|§£low oxygen. The increase in contractility appears even up to 15% carboxy- 
hemoglobin saturation. P 'y^' • - . ' . 

•■■^Vt%3‘->-i-f^ke above results are derived from animal experiments, some with open 
chest and the heart depressed by the use of general anesthesia. Yet, there is 


.vJ^ .v— T * ; 

•Trt? v.. • 

;••.';•■ v ; iv > : . m /’. 

. :•;*»'5 '■ 

...-'V. 

. - 

. v } ‘. 


^^:no sign of cardiac depression. There are no corresponding observations on >-• *r ?:.' •• 

: ^ j’."«'r^" jit".: •' .A;:;,- . '. ' .. ' " v ... . . 

■ht0'‘^tt:f the acute effects of carbon monoxide on the ischemic heart to determine whether -n-- 

/;&;•■. ;■.-,,;,.ji; 

fVi nrn ? c ra rs /^V» nnrro m ct\An e a .. . » 


p^^^|-there is any change in response. 


■*w^v»S?‘ ; iV'2. Nicotine. ... 








2. Nicotine. 

- v S.'-'i ^'«•• - , ,Vr>-' • * • - > r 

-.4 • H.' «" a* t*... :r. ..«• 



effects of nicotine can be readily demonstrated in animals and human 



l!‘^P v subjects. Since nicotine is primarily a cardiac stimulant, it has been suggested. - -" 

........ 60 ..'••.’f.Viy. 

••-.*■' •-•• •; •-"••• • - ... ' . ''y.'*j£§$0& 

that the alkaloid would provoke angina and trigger acute myocardial infarction. '^31^= 

' a. Myocardial contractility and cardiac output. The intravenous injection 


r ■ ;"V;5. of nicotine causes an increase in myocardial contractility and cardiac output. 


y-. * * u 7; .1 

ji? ,k. 
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stimulation, of nicotinic 

‘t\^u5wS^i?w>A^*»o a ♦*/? « ¥i 4-l<n <% M «*tv>k m*% 4l» a 4J ** - — iL . L __1 _9 * il . i t ' !•/£< 



the ultimate depletion of the amines leading to failure of cardiac function. 

!|$$S$There are several weaknesses in the hypothesis that nicotine by its 

^ — ■ --r^->- :: ■>.■■*- : • 

^^^^^aixtion on the heart muscle would cause acute myocardial infarction in the 

tobacco smoker. The amount of nicotine absorbed during smoking is consider-^^^^ 

; ^:'• ^^'---'--;:^-^ ' .'• '^U-v •. .-"v- V: . •." "' • _-•■■' v \ ; 

ably less than the dose injected to elicit cardiac stimulation. It is difficult 

.'?■*--•■■'. r •. *■--• t- ■ • - : ■ . • . 


to sustain an increase in nicotine level in the blood because this alkaloid is 


. v ; -( *■. 


'■fyy *.a - •-.•■- 


•.^^,readily metabolized after absorportion from cigarette smoke. - 

'VZy--'- : - • 98 ■ ■ ' ' ' ■■' •' - -•■•■■ •.••■•"'"' ' ’"' • ■v'--'-;- V 

Frankl et al. showed that smoking of cigarettes does not increase the 






cardiac output of patients who are predisposed to infarction. Furthermore, the 

*' >'■>■■■■ ■■■<■. V' <" r -A' ' ' • '. ’' ' ' .'V: % 

‘‘^S^^I^.Telease of catecholamines by nicotine does not lead to depletion. In the guinea pi® " - 

; . . ••.--•■ . •..., .-..,-. ■■ 6 r ° y 

,. k .' Isai >• f etiki Ai-fa/1 f a aT^ »»An1 a «? AAti«a a Af aa^Jaa iU aaa *aa a a h - — — • ^ .*. 


J^#fej^'heart subjected to chronic nicotine administration, there was an increase in 

_4.V _1-aA u.'-a at- ~ l __* 1 . 4 . v _ ._ 99 




, •. ■: • •: • ; ; ■' •; i?r*t***<* 4 ^ 


synthesis of norepinephrine, the transmitter substance." In the rabbit heart. 


nicotine causes the release of prostaglandin E which, in turn, would inhibit 

' : > V : '■ '''»/.•.": *• v ;i V '• ''••* . 

« - • , 100 
the release of norepinephrine. 


These recent results suggest a new 




* 7 . 

'. -*.>i n / -4i‘r 


mechanism by which nicotine can elicit "autoinhibition" of the primary release '.'./‘Z/' 

• • ^>. i\ jer'/f:?'.**’'•■'*'. •.'.. .. • ,• ■■■..* — ,.V ** 

'.'• •• • - • » • * ’ • '• •■ .••■•'. : ' * . . ..* ‘ •' •’ '• ■’ ' .•• ;• • >•<***^ 
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of norepinephrine. 

' 1 * •'•; . • ■ . 

.ijv-V/C •• . ’• • 1 *. > .*• ; ■• - *,. 

b. Coronary circulation . Although the early observations that nicotine 
'•. causes coronary .vasospasm in the perfused isolated heart have been disproven 


,ti -., 


,/j 1 . f> 
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'B^^M^have used several techniques to show that there is no reduction in coronary : ;||s 

; .-• y- "niissSS 

■^^^^^^bloo^^ow’and ^at^ere’ivTasjLj^gnificant correlation between supply and^ 
; ^^^fel^emand of oxygen £:f tie^canine and feline hearts following the administration j| 


experimental proof to suggest ^ 


that nicotine causes coronary insufficiency. 




’- ' ■' '. '~3s3wfw!!$j* r . 

__ • i* ___ 


: ' b 3. Cigarette 

■■■*“■ ;: ■ " • :: - : - 

A ^-#^Si^-^ r ^When carbon monoxide and nicotine are absorbed in the lungs in the course 

, •, • :.>^ ..Ky ‘>r*-VyV.- • - i V, - :.-■ /■-,- ... 

: M'*i of smoking cigarettes, there is reason • to expect an interaction between the 

' •••■•.•• ... . .. . •' IM 

Dharmacoloeic actions of the alkaloid and the gas. There are no specific 


pharmacologic actions of the alkaloid and the gas. 


observations of interaction in man, except to recall that cigarette smoking in 


’•4 ' ;;• 




j£Q$t?U a patient with heart disease causes either an increase of cardiac output if low, ':£§£■ 
or a decrease if output is high prior to smoking. When Gould et al. described % 
these effects, they could not offer an explanation because nicotine was known to 

f. ■ . ■. • ■”tp«.#§s8 

??S^j ? ^be a depressant. It appears that a patient with heart disease and abnormal cardiac 

output responds in the direction to normalize cardiac output. . •" . ;'.•'•’’it-:':-? 

v,- . •'•• •.,. •,, •... • •::■:;•■ ' ••••iik'.'V 

1 i'P ••:';•■ .*••' '"' ••"'•' ~ ’ - : v. • •'• ■"■ •• . * > • - W\:-> 

One suggestion for the correction of an abnormal cardiac output brought S *'•'>'£;• 

... W-:-figs 

•• • -c/i^ 

about by smoking is to consider the possibility that the multiple actions of M ; - 

. .o ' ■ 

.•-.•.v.-r-- yz. ••■•.:>.. 


nicotine on the heart are antagonistic. If the heart has an abnormal rhythm 

■'Vv.'-.j-••*■;-.... . [ ^ r - 

■'due to abnormalities in conduction, nicotine would facilitate conduction as 

/;( *. fc * ; ■ • . / . v' i • 

:: '• 106 ' • •• r 1 -;; 

i ’ ; reported by Bekheit and Fletcher, whereas, carbon monoxide would slow 

^..^$p r ; t ....... ., ... .... ■ ..... >; ;'V. ..., ..v-.;* ■ .. • . • .• % .-.v.jv-„^V..' 
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from .1967, to I 975 indicate that their experiments did not involve inhalation of 
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Atherosclerosis could not be demonstrated in man but. was demonstrated only 
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, '' r '■•*■""" ‘' ^' *«&■a£^£& ,; v */i -I g gii 

’iSS’ v 

have failed to induce atherosclerosis in animals exposed ,: ^aTO^i 


mMM: 


"Although there are ten articles by Astrup, Kjeldsen and their collaborators 

,:S.:^:- V^Oy- ,• ■•"•> , r ■ .;v:$,v r 

4 i?^ 5 'on experimental atherosclerosis in the rabbit, there appears to be some repeti- 

'■ivt.v :-.-■*.•*•* ... . ;s\. - -• .. , -..^rir 1 -.: :''" . • , ’• ►'' * ••*'' . * _ ., -•'•»•*"i '**, 

**.•.• *';'•' vi'^vy’-r^/,., %■..•_ . •••. .. • ' '' ■■•■* V; ' •■ 

#^% 5 ? : V*tion in that the same group of rabbits are described in two or more publications. 

J . ■■■ ■■-■ • •••■•. . . - ••<, r ,. 

4lMcT;There are three types of exposures with the following experimental observations: * v*!%*. 


,'**, *rt •■ s >xO.-4i‘ ' . 5 .*•. - •' * • V • 

V vrrrsr.*• - *- ^ A:*;;v. «*-r . v • 

2-Procedure v . 

' >;;•><.jv*£^3.v .>.; -,.«. ■ ■ ■ ■ —— ,. .v^; : 

'^^^urabbits fed with - : ;i§^ 
«iB§i8& cholesterol 


COHb Saturation 
15 to 20% for 5 weeks 


r s-.yjv. -• v •.'4.i'u r*? czs»• ; 


heart displayed focal 

degenerative change s q ' ( 7£ v 

and scattered hemorr- Q ' r 

hages 11 ^ 


t. • >C- •-""'■■• •;/"•. 


6 ■: 

atherosclerotic lesions O 
and changes in lactate jjA ";'>■ 
dehydrogenase patterns 

in a riTti r» -> rr-Vi 1 I 3 ^ » 






rabbits, male and 
castrated 


11% for 3 months 


16-18% for 2 weeks 


in aortic arch J 


focal degenerative changes 
in vascular intima and • ^ 
heart 

ultra structural intimal 

changes^0 an( f[ myo- ’ " 

cardial change 


!..»?=" S' 


r- 
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'v&Spp-to determine if the observed histological changes are disease processes or 

;': ,, .. . . .• • . <.• w • -t •./ ^r^:!^Av> 

: V. • .i * • '' ' “ ~ • - 

v !^gM|Jsimply experimental artefacts that are of transient nature. 

• '•:•• . * ■■ 

' • ‘* : hZ. C • -p " ' 

•9 t ^ er Investigators have failed to notice any histopathological or functional 

.:• . . 

f^ggchanges in rabbits exposed to carbon monoxide in levels even exceeding the con-^'M" 

• ja^a gg^* • ■ • ■ . - : : ■ =■ >;»•;«'; 

••^te0fcentration used by Astrup, Kjeldsen and coworkers. Truhaut et al. 152, 153 

—-••"• -■••• •■ .; V . "-.... . 

'^^^^clid not find any alterations' in the electrocardiogram or in blood pressure after"^5^ 

••3^Wte?Stei6-«i••. ■■• . . . ■■ . ■ ' .,»«;v.rw«fsSSSSSSa^ 



'hemoglobin levels ranging from 15 to 40%. 154 Birnstingl et_al. 155 . 156 reported 


■f|^^ aortic lesions only if rabbits were fed with cholesterol and when exposed to 

• . - •••;• ■ r. ' •• •* -‘T : ■ •.•..■• .. - ' 

carboxyhemoglobin levels of 18 to 25% for 6 months. 


mmi 
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Although injections of nicotine cause elevation of free fatty acid levels in 

the experiments that relate directly to cigarette smoke 


.:/>. the blood of rabbits, 



Source: https://www.industrydocuments.ucsf.edu/doc mmxOOOO 

































































■ on gross and microscopic examination. 1 

uilkA ■« a n 1« 4*X«i -i £ a-* vV\^v» wAriAvi/lh >i«/1 n 


examination. The experiments in dogs have excluded ..JZ&feti';' 





Subhuman Primates/ UtS@SIStS* 

Thom sen? 8 3 from Astrup'> laboratories, exposed Macaca irus monkeys con- 
^^f^^tinuously (24 hours daily) to 250 ppm of carbon monoxide with mean carboxy- 

^- : :•- •- - -- - -— - * * *• 4-1* A 


hemoglobin values of 20*6%. After two weeks of continuous exposure, the . 

■■■■■ -.;• .5 •. •:?. •'•'•. •'• =•-.• ■••.** • • - •'••- i v-‘ : • 

r^i'mnnkevs were sacrificed without anv measurements of cardiac function. The 


monkeys were sacrificed without any measurements of cardiac function. The 

■ ;.. • ;.. . - . • ...... • ,.r •;. • . • r-./ : ^A ; - r 

: " r *■• : ; --.-•''•'• ■*■ ■ • .■'.■■ .■■ •■■ • • ■ ■ ■ '■' 

examination of the coronary arteries showed flattening of the endothelial and 

: '-lC* J ' I •*.- • .. ........ -, . .... ,• ..... .., : r ;. • .-• .. • ••»- - • •• . • i V' 




- -J p?yv-'*tv>2f' Ar rv 1 


subendothelial spaces which Thomsen interpreted as the initiating lesion in 

^ ..V’* -' ’ * ' •'- :- * "■ ■ : ‘ '• • # 

the development of atherosclerotic vascular disease. It is this experiment 




that Astrup and Kjeldsen cite as evidence that carbon monoxide contained in 

’’ /v ; - r : ' - - •- ' ' ' . . . . . .-'V: 


cigarette smoke promotes the development of atherosclerosis in man. 

»■*<*:$* . q- , • • .•■•••" ?v 

One observation bv Thomsen 10,5 questions the relevance of continuous 


'J. v 

carbon monoxide inhalation to cigarette smoking. Monkeys that were exposed § '•’*> 

'•■•. v-^S ^ 

v:.:, • v;-v • -v. •• -<-r 

intermittently (12 hours on and 12 hours off) did not show vascular intimal . 

; . ' ,;i • ..rO- .5f, 

"lesions. Since smoking simulates the intermittent situation, it is not justi- fll '*. 

^ ■':■•■: ..-V- - • • ■ ' -¥*;■*#■ 

#^^#-fied to transpose the results of continuous carbon monoxide to the human situ- 0} 

. . . .. . 

./Jftv; •:-.... ~ .;.-• _■•:./• / ... , ■ •' 

.. .:■••• t ■•■■■./> ■'■■■ ■•'">■ ....-;. '■ .■.•.■■/:••■•■ •;••..■, .. ... '.•' r 

ation. -t-W'-- ••-.■..• ■ ' . ' . . ■ - •: -v-?'-•/.. 

v 'V ■ ' '• ■ ' ■ ' • ••■: • • >.j:-s'. rV 

' '. ..There are two other groups of investigators who reported a positive role - 
if of chronic exposure to carbon monoxide in the pathogenesis of atherosclerosis. 

.‘ v ... ..; V v . ' "■ .' ■ '•>;-Vr ■ : 

' W*. ■ ; .'aJ’.''..V ■ ; r ’•■■••■ ..V : ‘ V > ''%■ •• '• •" ’. • ■ '• V ,! ;>■- +-'<*• :•■ 
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to these experiments, i.e. 

situation and the fact that’ 

••>.*v;';y-t ■;••'•••••.'••: " : •••••• r 

: cholesterol-fed animals behave differently from those that are not cholesterol- 

1mm ; : :fed. In any event, low levels of carbon monoxide can be excluded as causing 

*sv- ; ’- ]R ■- 

atherosclerosis on the basis of the following: Eckardt et al. 5 exposed ■/&# 



$m^o£ 6 to 8%. These elevated levels did not lead to cardiac fibrosis, vascular 










lesions and brain pathology after two years of exposure, a period consider- 
ably longer than the 6 months used by De Bias et al, , 108 7 months by Webster 






« ; V-*yu^ # V- -to-- 

•-.- - - 
. -.''V/yV" 

•MX.^:^'and Clarkson and two weeks by Thomsen. 1 °- > If all these results are inter 

*>/'• - • ........ , ,.' •..'.. ,_,.. 

related, it appears that, in subhuman primates, continuous exposure to low 

in -.r. ■ 

wiaf*.;> ^ i ;* 7; ••' i-' ; v rj : :*•. - >.■ s >.‘ • -:. 1 «. 

' v v7 : ' ,r;<v ■ -• * v -■ - ■ 


•a> 


' ^ T;'.' • 
^v . 




'< • 
ri 

* 7 \<*»* ‘-.r'•.;. 
' yvi**V< • 


^^f levels. of carbon monoxide produces changes in the blood vessels initially 

which disappear after one or two years or less. - 

: \ *., : -'' *?&*$$:'■■■■ : •.' 

The fundamental question as to the role of carbon monoxide in cigarette 

* ^ ^ N*■' 5r * ,,: S-v : f ;* y ‘ ?<■■* : • ". " ■ • *....’..'. ‘' 

,^V. ■ ' ■ ■ : ' ' •'■•'■■■'• -■■■' •’ 

''£<£$$$& smoke can be answered as follows: In subhuman primates, the vaScular effects 




of continuous exposure to carbon monoxide disappear after several months, 

. v ' . , ..-Vi Vi ..:••■■■■ - ' : ■ .-. . ..,.., 

"'*£■ Cy-'*. '»..•-/■■.•. ‘ -■■ :•.• " . “ •'- - “ 

and are absent during intermittent exposures. Although nicotine alone can 
cause experimental deposition of triglycerides in isolated arteries, *91, 192 




experiments in vivo do not show experimental altherosclerosis by injection of 
f ' f 'r ■ nicotine alone. *93 
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a '••• •« '' 
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- ■. .. •.. ***-. v ; > :vj. ; • • ' •• . y- - :, v .^ 

-Cv'-v-, •-. -* r - . . v - .. ■ > 

■ ... i V., .7. • r .» : . i.J ••’ • 

7." ' "*■'v-v"' •' l ' v .! '. ’" \ y ' ?V >;■ . \ ' 1 
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^^gjbeen disproven in man." First, the effects of carbon monoxide on the 


- f^r r ‘ -r ' ’ * > » * ' A "< '*,'■ ^ ' - ^ - 




for instance,'**®^ 


•V 


v^^^i|b)lood are not necessarily the same as those of cigarette smoking 

. _ . 

•^M^f'on the fibrinolytic activity of whole blood, platelet adhesiveness and 

q/ -I qq TftA ’ ’ ' -• :.. • • • ■•>'.%*•'±‘\ 

i® ♦ J ’ r ^- ,h- ,.. Secondly, in the perfused human coronary artery, 


, . • S'-' - •* 




^gggcarbon monoxide did not influence cholesterol synthesis although it increased ,;M "" 

"}. *' 'i "*•■: • *•'•*••"&;.’: " i-' .'. ’ :. ' . 

■’* r "‘•* ‘ - •.:;•■.•;• • " ' 

^S6®.^holesterol uptake, whereas, nicotine increased synthesis but not the uptake) 97 ’ 198 

* & *• 2£-*****'>•*• •• <«t..-'•; ' , • • . • i.v,'"' 

®Sfc- hese observa tions show the difference between nicotine and carbon monoxide Y t 

y. : -v^rv v .•■•_;• ■ I J \tAr^ **/ v* v '.^ = »••' ’ V £T- V ,- .- ■ . ' ' . ;-. ::• 

■■% ' • *''* V:.^'h : '.’; 1 ; - ♦ i ,7>v/- .•• • ••'■ ’ .: I' .:• ’*• ' „ '• . V • .' .’v-’. '•!* V '«‘ :i it 

?°“ i ^ i S ty .-^ iat the . two together may interact, nicotine blocking 



then a combination of nicotine and carbon monoxide in the proper proportion 


' h *" ' 




s 


% <5 W 4 -;-? i '♦.v?V : • ., . 

would be expected to have no effect on cholesterol deposition in the vessel wall. S'. .»•' 

Sffilll YY : liliiYYliYi ',.., .,v'.^. ; ,;v:.. ; :. V\ : MM 

'* /a.' V<-* a ' ■ a:- -l' *W.*!‘* . “* * •• _.* *• ••. .*' “..■^1 ..'■** > V. 


‘a? -; 


E. Design of Future Experiments 


This section has reviewed the investigations in man and animals that have 
’ been used to support the hypothesis that carboxyhemoglobin levels in cigarette 

C'®S-- ■ ' '--:' vVv:-■ ■■■■■ ■■>■■■ ■ ■ .. - 

“ smokers are high enough to cause coronary heart disease. The limitations of 
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Philips used computer analysis of electroencephalographic data recorded 
during resting and working conditions. 1 The effects seen immediately after 
^^^fe moking cigarettes indicate increased alertness, accompanied by facilitation 

jMp^?of responses to repeated visual stimulation. The results are significant m7'-S^j$g 
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?§^^The smoking of cigarettes did not influence the following tests on the eye: 
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night driving conditions, flicker fusion threshold, ^ electroculogram^^ 

V -^'- •• -' .. ■•’ . •. ‘v. 

"^J^^r and intraocular pressure. There are reports of transient reduction in peri- . • fe ! 
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..:The reported impairment in 


-.^^ ^^i dcies^not^ne ccs8a^lY_«nean that smoking is the cause of the difference. Seltzer 
i^r.^sS3e.••-"_• j> hi s collaborators^®* j>9 have suggested constitutional differences between ’ 
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pain perception and hearing loss 
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|£2. Performance Tests. 
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ll^^&The influence of cigarette smoking was investigated by three groups of ''& £&££&& 
■^^Mi^investigators who failed to detect any change in the following tests: tracking 

and loading tasks conducted bv Schori and Jones. 60, 61 simulated drivina ta cV l 'tff' 
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Heimstra et ah 62,63 anc j manua i dexterity and response time performance S 
McCune. Cigarette smoking increased arousal which is.accdmpanied bv ' ^ ^ 

.^irsjW^f'V^V ; . ..-v v-• • ^ • „ ■ 3 'QB '. ^ 
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: .tachycardia. 03 ; °° Anders son 00 showed that retention of learning was better "* " 
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SUD J eamat determines JM®: 
^fe e ^^5M? n ^ tlie experimental situation, A primary action elicits a'a«ri«^a r”S^W 
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exp erim ental situation, A primary action elicits a's econdaryW 
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il^^action SO that identifiratinn of A, ^ 


' ^ a . r ^ 0n monox ^^' e an( * n i cotine. Vestibular nystagmus (lateral movement of 

° f the body) has been examined by Tibbling to determin<^|f|§ 
^§JP4^? nce o f the components of cigarette smoke! 3 She compared the Se^t'^il^ 

^ intravenous injection of nicotine and smoking of a' ^5^^ 
- However - {he subjects were not exposed to carboS'^M 
rn ^ x ^ ure to determine any change in frequency of nystagmus. Her 
|| conclusion that nicotine alone is responsible for increase in frequency of nystaemui * 

^as^not excluded the possibility that carbon monoxide has the opposite effect." 

•• ~. •; .. •••;.. : •• ,.... * . 

1} ^^^gghe electroencephalographic changes related to smoking would be a way^'SS 
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■g^p.ni C otine or carbon monoxide to determine interaction. The similarity of 

^c^s^o>f caffeine and cigarette smoking may help explain the recent observa^^ ^^ ' 
Ko 2 JL<owsH''that c °ff ee -drinking cigarette smokers take in more ^ 





rmm 


r S"Danielsen et al. ^ described another similarity between caffe ine’~Si^a£ 

•• ■■ ••■• •••'. . ••■■■■■ "... : rrSMfiifi’ 
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*;?4^f^-i?fahd nicotine. Measurements of twilight vision, glare sensitivity and readapta- 


.'T^.-.^|f w tion time are influenced by smoking of cigarettes and by caffeine. There is 
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"- no information whether or not there is an additive effect of both. There is 

.. .• ; . ...v •. . • .. . • .*. 


'■t the possibility that the carbon monoxide contained in cigarette smoke would 
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smoke. The exposure of macaca^^^^ 
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^p&monkeys to 200 ppm carbon monoxide continuously for 100 days did not influence 
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The monkeys tolerated 22%. carboxyhemoglobin 
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cerebral blood vessels. 
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id Goldstein 0 ” trained rats on an attention task which required ; 


Source: https://www.industrydocuments.ucsf.edu/docs/fmmx0000 




__ . _ ...... . . ... . 

the other hand, inhalation of carbon monoxide depresses the performance* 
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threshold exposures that did not influence the central nervousili** 
||*.systeni areas follows: 200 ppm for two hours on reinforced performance ^9 :4 



• •^^ ^ ^^^^.••fThere are reports of stimulant action of nicotine and depression by carbon 
i^^monoxide in mice, 92-95 rabbits, ° " ...' guinea pigs, ..* and pigeons. **?.-V — ^Vp gujX^ 
: i%K\£p : '"The dosages of the stimuli and the type of behavioral effects are of such a nature 

:^^P J fthatit is difficult to judge the relevance of the results to humans. The animal 
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-Vexp e riments did not include interaction between carbon monoxide and nicotine* 
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. D. Practical Aspects of Effects on the Central 
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C ", 'A review of the literature reveals that depression of the central nervous '!>£3j^gi£« 
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v;'- system by carbon monoxide is seen only when carboxyhemoglobin levels are 
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A above). 'Furthermore,' 


.jgi^iGOtine^contained in cigarettes improves performance so that antagonism"'' :; '|nS^fc 
^^^^ ee 5 a ^ b ^ monoxide and nicotine would be expected to occur (see B above 
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